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I N T R O D U C T I O N 
CHAPTER - ONE 
INTRODUCTION 
Our beautiful planet has every means to sustain 
life. However, it must be admitted that the resources are 
limited. There is strong global awa.\ening to ensure proper 
management of the existing resources and to make them long 
lasting for the benefit of mankind. Population is increasing 
day by day at an alarming rate. Therefore, it must be 
realised that these resources should be utilised properly so 
that they may remain available to the future generations on 
the one hand and their by-products may be either degraded or 
recycled without creating any extra burden on various 
terrestrial as well as aquatic ecosystems. Worldwide revolu-
tion in thinking about population is mandatory, because higher 
population means more waste which could even distiirb the 
critical balance of our biosphere. It is important to point 
out here that man himself has created hazardous things for his 
own destruction as well as for the total extinction of various 
species of the fauna and flora. Moreover, the "population 
explosion" is limiting the natural food resources to the 
extent that man is compelled to develop a taste for those 
foods which are neither tasty nor beneficial for his health. 
Scientific advances in plant nutrition and ferti-
lization have revolutionerised the crop production. Natural 
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organic and inorganic substances are the primary sources 
of plant nutrients for agricultural and other ecosystems. 
Supplementation of the natural fertility with commercial 
fertilizers is a well established agricultural practice. 
But excessive use of inorganic fertilizers at some places 
like Punjab and very low or no application at other places 
like U.P. due to cost factor has compelled the Indian 
farmer to switchover to organic sources of nutrients, 
including use of municipal wastewater. In addition to 
increasing prices of commercial fertilizers, problems 
connected with wastewater and sludge disposal and improved 
sewage handling techniques have made sewage water increa-
singly attractive for agriculture. Moreover, Indian farmer 
is dependent on the vagaries of the monsoon due to which 
seasonal distribution is highly uneven and the amount and 
schedule of the annual rainfall is uncertain. The farmers 
of modern India are, therefore opting for greater use of 
wastewater as this could adequately meet the twin objectives 
of nutrition and irrigation. 
It may be mentioned here that the major cause of 
environmental pollution in our country is human waste 
discharged through the sewage and drains. Unfortunately, 
only 7.8% of our cities and towns are partially or fully 
sewered and have treatment facilities and 80% of water supply 
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of our cities goes down the drains in the form of industrial 
or domestic wastes. Most of the existing sewage systems have 
either collapsed or become clogged due to lack of attention 
and nearly all the old treatment plants have stopped 
functioning soon after being installed due to various reasons. 
The cost of the antipollution measures continues to be almost 
prohibitive in view of the fact that even the existing water 
supply and sewerage services are run oh considerable deficits 
in most towns and cities. 
Hundreds of millions of litres of sullage and 
discharged water are thus available for irrigation purposes 
since its disposal is a big problem by itself. Applying 
sewage effluent on the land instead of dumping it in rivers 
can make the crops grow better due to the presence of various 
essential nutrients. Out of the macro-nutrients essential 
for plant growth, phosphates and nitrates are present to a 
large extent in sewage water and it seems likely that many 
effluents may allow normal plant growth (Henry, 1954). 
However, before coming to any conclusion, the following 
questions arise before the researchers working as agriculturists, 
civil engineers, biochemists and geologists: 
1« Is it feasible to distribute sewage effluent on the 
land safely and in all seasons? 
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2, To what extent will the soil renovate the effluent? 
3. How will the effluent affect tiie soil, crops and 
wildlife? 
Recent researches have revealed that: 
1. Land will filter upto 99% of nutrients in the effluent 
safely under proper management. 
2. Irrigation is possible in all weathers. 
3. Cover 80% of the effluent water percolates down to the 
ground water level. 
4. Frequent harvesting of crops improves renovation. 
5« Effluent stimulates growth of trees and crops (Anonymous, 
1976). 
The nutrients essential for plant growth come from 
the soil, water and atmosphere. Nutrients are continuously 
recharged by recycling, otherwise they would eventually 
become exhausted. Plant nutrient movement is a two way 
street nutrients enter the plants as gases, or ions and 
eventually return to the environment via biodegradation. 
Chemical analysis of sewage water shows that many 
of the essential nutrients are present. The nutrients in 
reclaimed municipal wastewater provide, fertilizer benefits 
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to crop or landscape but in certain instances, are in excess 
of plant needs and cause problems related to excessive 
vegetative growth, delayed or uneven maturity or reduced 
quality, A periodic check must be made to estimate the amount 
of nutrients being applied through wastewater. These amounts 
should then be included as part of the fertilization programme. 
The usefulness of sewage and sludge is limited, 
however, by its excessive content of certain heavy metals. 
The usual argument against the use of sludge on the land is 
that these metals could accumulate upto toxic levels in the 
soil. It is well established that, sewage water contains 
varying amounts of N, P, K, Pb, Cd, Cu, Cr, Ni, Co, Mn, Zn, 
Al, B, Ca, Mg, etc. (Gabler, 1979, Tirsch et ^ . , 1979, 
Bhowal et al., 1987, Menoa and Bhattacharya, 1988). It is 
worth mentioning that some wastes eg. pyretic waste, beet 
sugar factory effluent, industrial organic waste (brewery 
waste, sugarcane trash, poultry waste), have a beneficial 
effect on the soil (Tirsch et ^ . 1979, Shayegan and Sanai, 
1980, Hill et al. 1982). 
In addition to the heavy metals mentioned above, 
various populations of bacteria, fungi, and actinomycetes 
were increased with the application of wastewater, while 
the growth of Rhizobium. a symbiotic nitrogen fixer, was 
suppressed by raw sewage application to soil. Compared with 
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the untreated wastewaters, the treated wastewaters seem to 
have less effect on microflora both quantitatively and 
qualitatively (Juwarkar et al., 1988), Various data strongly 
suggest that serious public hdalth hazards could result from 
the use of stream into which pollutants are disposed (Nwadiuto 
and Olu 1985). 
Among cereals, wheat is usually accorded a premier 
place because of its high nutritive value, the vast acrage 
devoted to its cultivation and its association with some of 
the earliest and most important civilisations of the world. 
It is grown under a great diversity and range of soil and 
climatic conditions soils ranging from light to heavy, deep 
to shallow and poor to high in fertility and climatic conditions 
ranging from drought to sufficiency of moisture, artificial 
irrigation to natural pracipitation and lastly from regimes 
of heavy to insufficient fertilizer doses. Over a major part 
of India, rainfed wheat is dependant on the residuum of soil 
moisture left after the monsoon rains. The winter rains if 
received may be capricious in the Northern plains as well as 
peninsular India. 
Wheat and other similar crop plants have already been 
exploited for their full genetic potential. Therefore, a new 
type of crop was hybridized and triticale belonged to this new 
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category which combines the high productivity and protein 
content of wheat and the vigour, hardiness, disease resis-
tance and lysine content of rye. Thus, triticale with its 
high yield and nutritional value and wide range of adaptabi-
lity deserves to be given due place in laboratories and 
fields, so that its potentialities as a new and promising 
field crop could be exploited suitably. 
In the CBIT'IYT report on wheat improvement (Anonymous, 
1988) it was suggested that triticale should be tested and 
cultivated in major dryland areas in the developing world, 
particularly, North Africa and the Middle East, Central India, 
the dry areas of Afghanistan and parts of Sind and Baluchistan 
provinces in Pakistan. Now, triticale is known to be well 
adapted to various regions and climates and performs better 
than wheat in disease prone areas and semitropical high lands. 
At present, it is grown in more than 500,000 hectares of 
land all over the world, including Argentina, Australia, Brazil, 
Canada, China, Hungary, India, Kenya, Mexico, South Africa, 
Spain, U.S.A. and U.S.S.R., (Anonymous 1982). In India, 
cultivar TL-419 has already been released to the farmers of 
Punjab, However, it must be admitted that triticale is not 
yet expected to replace wheat as a commercial crop, although, 
at present, in the best irrigated areas of Sonora (Mexico) the 
home of the Mexican dwarf wheats, new triticale varieties have 
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started yielding as much as the best local wheat check and 
even better at some places. In the same area, ten years ago, 
it yielded only 50?^  as much as the best wheat. 
In cereals, however, high grain yield is not the 
only criterion as nutritional value is equally important. 
Protein, the most essential constituent of our food, builds 
up protoplasm and is consequently responsible for our struc-
tural development. Unfortunately, in India the problem of 
protein deficiency is very serious and the growing children 
are the worst sufferers. Nutritionally the quality of a protein 
is determined by the amount of essential amino acids available 
during digestion. Lysine is the most limiting essential 
amino acid of cereal proteins and the quality of a protein 
is generally measured by its lysine concentration. Triticale, 
in general, contains higher grain protein and more balanced 
amino acid composition of protein with higher proportion of 
lysine than wheat, Triticale is thus considered nutritionally 
better than wheat (Villegas 1973). 
The c recently released lines of triticale, with 
their improved genetic-make up, are being rapidly exploited 
commercially. Their optimum potential can, however be raised 
after determining by properly laid out field trials, the 
agnonomic practices most conducive to maximum production. 
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Naturally, these would not oniy aiiier accoramg to tne 
agro-climate of the region where the crop is grown but also 
from variety to variety. Among the various agricultural 
practices, fertilizer application is one of the major 
controlling factors of crop yield and quality. It thus 
demands considerable attention. Species and even varieties 
are known to differ markedly in their mineral nutritional 
requirements. In India a new thrust towards rationalising 
the agrarian structure has been witnessed recently. Farmers 
have become concious of exploiting modern agricultural 
technology, including fertilization of crop. 
At Aligarh, a lot of work has been carried out on 
the mineral requirements of triticale by Afridi _et _al, (1977); 
Inam (1978); Abbas (1980); Inam et al- (1982); Ashfaq et al. 
(1985); Alvi (1984); Inam et al (1985); Ashfaq (1986); 
Moinuddin (1-978); Samiullah et al, (1987); Fatima (1988); 
Kaque (1989); Moinuddin et_ al-(1990). However, the present 
author wishes to extend the study so as to include the effect 
of wastewater on some selected varieties of triticale. 
We all know that water is a very crucial factor 
to ensure good harvest. In order to achieve self sufficiency 
in food production farmers are being encouraged to utilise 
all available land and irrigate it even with substandard 
water at least in those areas where water is scarce. Wastewater 
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application to triticale (as also the other crops) seems to 
be a promising proposal since about 60 million litres of 
sewage is descharged daily by three pumping stations of 
Aligarh alone. Outside the city limits, there is vast area 
of agricultural land which is commonly irrigated by the 
sewage because of its continuous supply, and low cost. 
It is also attractive for the farmers due to its mineral 
content as most of them can not afford to use the full 
dose of inorganic fertilizers recommended for crop production 
due to their high cost keeping in view the above facts it was 
considered desirable to conduct the following five field 
experiments on triticale: 
1. To study and compare the effect of sewage water 
and tubewell water on five varieties of triticale and one 
variety of locally grown wheat as check. 
2, To study and compare the effect of sewage water 
and tubewell water on TL-419, the variety of triticale developed 
in India, under various doses of nitrogen applied basally. 
3. To compare the performance of the best Mexican 
variety of triticale (selected in Experiment 1) TL-419, keeping 
wheat as check grown with four phosphorus doses and irrigated 
with sewage water only. 
4, To repeat Experiment 3, substituting nitrogen for 
phosphorus. 
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5. To find out the best combination of nitrogen 
and phosphorus for the same varieties of triticale as 
in Experiments 3 and 4, taking wheat as check and irriga-
ting the crops with sewage water. 
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CHAPTER - TWO 
REVIEW OF LITERATURE 
1. Introduction 
Cities and industries draw clean water from 
surface streams and discharge it in the forts of waste-
water into the same streams, which in turn, become the 
source of water for downstream users. Except for some 
industrial effluents, most wastewaters contain only 
small amounts of contaminants. For example, the munici-
pal wastewaters have often only 0.1% contaminant 
(Middleton, 1977). It is well known that a large'-quantity 
of reuseable water resource exists in the municipal waste-
v^ aters discharged from cities and to some extent also from 
various industries. Application of such wastewater to 
agricultural land can overcome some problems of wastewater 
disposal faced by water authorities. However, it may be 
pointed out that, for irrigation purposes, municipal waste-
water and industrial wastewater must be treated, to minimise 
its harmful effects, before its disposal on crop lands. 
Municipal wastewater 
It refers to the spent water of a co'^ aunity which 
consists of water that carries wastes from residences, 
commercial buildings, industrial plants and surface or 
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groundwaters that enter the sevverage system (Middleton, 
1977). 
Industrial wastewater : 
This category comprises the spent water from 
industrial operations (which may be treated and reused at 
the plant) discharged, partially 'treated or untreated, 
directly to surface waters (Middleton, 1977). 
The advantages in the use of treated wastewater 
for irrigation are: (a) low cost source of water, (b) an 
economical way to dispose off wastewater to prevent pollu-
tion and sanitary problems, (c) an effective use of nutri-
ents contained in wastewater, and (d) economization of 
commercial fertilizers. 
The quality of treated municipal wastewater depends 
to a great extent on the quality of the municipal water 
supply, nature of the wastes added during use and the degree 
of treatment the wastewater has received. Because waste-
waters contain impurities, careful consideration must be 
given to water quality in order to evaluate the possible 
long-term effects on soils and plants. 
2.2. Suitability of wastewater for irrigation : 
Direct reuse of municipal and industrial waste-
water for irrigation purposes is extensively practiced in 
-14-
many countries including India. The warm climate, the 
practically negligible flov/ in most of the streams during 
the summer months and the need to grow more food for its 
teeming millions make irrigation with wastewater the 
favoured mode of its disposal. 
2,3 Availability of nutrients throuo;h wastewater 
Wastewater is rich in mineral elements and 
provides nutrients to the plants which are necessary for 
the proper growth and survival of the plant. The increments 
of nutrients in municipal wastewater in Israel were noted 
to be about 50 g N, 15 g 0^*^ 5' ^^ ^ '^Z^ ^^ '^  ^ 50 g organic 
matter per cubic meter (Hershkoviti and Feinmessev, 1967). 
In addition, there are small amounts of micronutrients 
present as reported by Josef and Akina (1977). 
In India, the first sewage farm was established 
as far black as 1895. Today there are hundi'eds of farms 
covering thousands of hectares and utilizing many million 
3 
m of sewage per day. In addition, there are several other 
farms that receive industrial effluents, particularly from 
the sugar, distillary, food processing, fertilizer and other 
sources (Sorab, 1977). Some of the municipal wastewaters 
from small and large communities used for irrigation are 
treated, while others are not. Reuse of wastewaters from 
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some industries, like fertilizers, can be done for irrigation 
after dilution with water or domestic sewage. 
Brar and Miller (1978) at Ohio applied raw sewage 
by spray irrigation to reed canary grass, soybeans, alfalfa, 
or tree seedlings. They however, noted thet the nutrient 
content (l"! and P) in the water for spray irrigation does not 
supply adequate amounts to meet the needs of the crops. On 
the other hand Thomas (1978) at Phoenix, suggested several 
advantages of land treatment by sewage. According to him 
the method conserves resources, reduces energy demand and 
does not pollute surface waters. Domestic and many industrial 
wastewaters contain N and P, which are essential for plant 
growth. Land treatment uses these nutrients for plant growth 
or relies on natur&l processes to remove them from the waters. 
It t^kes about 10 times as much energy for a sewage treatment 
plant to produce the same quality of reclaimed water as land 
treatment which offers additional fertilizer savings. He 
further reported that Bakersfield project continually 
uses wastewater to irrigate cash crops. The Clayton country 
project uses a comparatively large treatment system to 
irrigate forest with effluent in the watershed of a 
reserviour. However, he pointed out that land treatment may 
be responsible for substantial health risk. 
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Feinmesser and V/ikinski (1979) in Israel utilized 
sewage for crop irrigation. They surveyed tne urban settle-
ments, with a total population of 2,75 million. The total 
quantity of sewage, excluding industrial wastewater, was 
estimated at 416.000 m /d of an average of 154 l/person/d. 
Of this BlYo was conveyed by public sewers and 50:.J received 
by primary treatment of some sort. 15% of this potential 
was utilised 14.5% for agricultural purposes and 0.5?° 
industrially. The combined quantities of sewage utilized 
in both sectors totalled 36,000,00 cm /yr which is only 17>o 
of the potential. 
Lau (1979) at Hawaii applied different dilutions 
of effluent as supplemental water for furrows irrigation. 
Sugarcane plantations on Oahu, Mani, and Kavai were in various 
stages of water reuse by effluent irrigation. Reuse was 
practiced for irrigation of golf course and was planned for 
forage crops also. Mc Auliffe et al_, (1979) reported spray 
irrigation of dairy wastewater onto pasture which markedly 
increased the inorganic and organic fractions of the 
nutrients in soil. At Santiago (Chile), Schalscha et al, 
(1979) irrigated with raw sewage water for more than 25 
years to study nitrate movement. They reported that 
percolating water below the root zone leached 35O kg/ha/ 
year of NOZ - N. They also observed that the concentration 
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of N03 - N ranged from 20-35 mg/l in percolating water 
of the unsaturated zone, while well waters contained 9 and 
14 mg/l. 
Bone et al. (1984) from U.K. reported that 
sewage effluent was available in large quantities and 
contains all the nutrients required for plant growth. 
Therefore, the potential for large scale crop production 
is enormous when applied through nutrient film technique. 
After a 10 year study at Michigan,, the effective-
ness of the approach of using municipal and industrial 
wastewaters to produce usable crops was recommended by 
Pound _et, al_. (1984). In U.S.A., Satterthwaite and Longnectar 
(1984) sprayed treated effluent on a golf course and two other 
vegetated areas. The effluent provided not only irrigation 
water but also nitrogen and other nutrients for the golf 
course turf, reducing the need for fertilizer. Moreover, 
utilizing the sprayed effluent in this way helped in rechar-
ging the groundwater and reduced demand for irrigation water 
from the head waters which supplied fresh water for the city. 
Tomburino and Capra (1984) of Italy surveyed waste-
water irrigation in some countries and reported - different 
ways of wastewater reuse, wastewater pretreatment, effluent 
quality, irrigated area, crops productive results and 
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environmental effects and soil characteristics etc. 
Knapp and Dinar (1984) estimated that the 
profitability in U.S.A. of reusing agricultijral drainage 
water for crop production depends on the salt tolerance 
of the crop being grown. They suggested that drainwater 
reuse was not profitable for the fruit and vegetable crops 
considered but was profitable for the field crops considered 
when the price of good water was relatively high and cost 
of obtaining the drainage water was low. 
Wastewater quality from a sugar factory and the 
feasibility to use it in irrigation was studied by Calero 
et al. (1985) in Cuba. They tested the quality of wastewater 
from four sources and concluded that unless and until waste-
water.consisted of medium salinity there was no risk of 
sodification. 
A weed survey was conducted when irrigated by 
sewage wastewater at Berlin by Goetz et al. (1985). Crops 
considered were orchard grass, darnalmaize, summer barley, 
and winter rye. The principal weeds, found were Erodium 
circutarium. Stellaria media. Capsella bursa-pastoris. 
Chenopodium album, Galinsoga paruiflora and Setaria viridls 
2 
with 100 or more weeds m , maize and the grasses were most 
s trongly affected by weeds i n i t i a l l y . The pe r s i s t ance of 
the weeds was augmented by i r r i g a t i o n . The decrease of 
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the weed portion of the dry mass yield of the grasses was a 
favourable effect of irrigation. King e1:_ al. (1985), while 
working in USA, found effluent from swine waste lagoon as a 
source of water and nutrients for crop production. Effluent 
was also applied via sprinkler irrigation to Cynodon 
dactylon. 
Recycling of sewage waste in agriculture prospects 
and problems were studied by Vimal and Talshilkar (1985) at 
lARI, (N. Delhi). They concluded that maximum and efficient 
utilization of sewage waste was essential not only to generate 
man resource materials but also to minimize pollution. 
Baddesha et al. (1987) studied the irrigation and 
nutrient potential of raw sewage waters of Haryana (India). 
They noted a pH of 7.0 to 7.5 and an EC of 0.93 to 2,87 mhos/cn 
with no residual sodium carbonate, low sodium absorption ratio 
and high amount of Mg. F\irther, they found that five 
irrigations of 7.5 cm/ha would provide 181 kg N, 28 Kg P, 
Kg K, 130, Kg, S, 1.3 Kg Zn, 0.8 Kg Cu, 41.8 Kg Fe, and 1.4 
Kg Kn/ha, with low BOD value and toxic elements. They 
recommended that 162.73 million litres of untreated sewage 
water produced in Haryana per day may be utilized directly 
without any pre-treatment for irrigating 3.345 ha of 
vegetable crops or 5.017 ha of fodder crops or 4.w57 ha of 
cereal crops, instead of allowing these waters to cause river 
and land pollution. 
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Sugarcane field irrigated with wastewaters coming 
frcm the agro-industrial cooperatives. Chemical analysis 
of soil indicated that irrigating with such waters did not 
produce much changes in soil properties. In addition, 
increase in microbiological indexes was noted in wastewater 
irrigated soil by Capero et al,. (1987), working at Las Villas 
Effort has also been made to identify the principles 
which make the sewage farming an ideal method for improving 
the quality of the effluent by land treatment in India by 
Mishra (1987). Shaban (1987), Lalymenko e;t sil. (1988) of 
U.S.S.R, also support wastewater irrigation. 
Although irrigation with wastewater is in 
itself an effective form of wastewater treatment, some 
degree of treatment must be provided to untreated municipal 
wastewater before it can be used for agricultural or land-
scape irrigation. 
2,3»1 Effect of wastewater on germination, growth, yield 
and quality of some crop plants 
Plants respond differently to wastewater in 
relation to seed germination, growth, yield and quality. 
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Cultivation of non edible crops, e.g. citronella (Cymbopogon 
wJDterianus) and mentha (Mentha aruensis) grown on sewage 
water increased the net- yield of oil by 30 to 40% per 
hectare over the controls that received plain water 
(C.P.H.E.R.I. 1970). 
Bole and Bell (1978) studied at Alta (Canada) the 
application of municipal sewage wastewater to land on yield 
and chemical composition -.of forage crops. They reported 
that alfalfa performed better than reed canary grass, 
bromegrass, altai wild rye and tall wheat grass when irrigated 
with sewage wastewater. However, the grasses (except tall 
wheat grass) outyielded alfalfa when fertilizer was added at 
high wastewater level. It was also noted that wastewater N 
and fertilizer N were equally effective for forage yield. 
In New Zealand, Quin and Woods (1978) studied the nutrient 
status of soil and pastijre surface irrigated with treated 
sewage effluent, and found that soil exchangeable Ca, and 
available P levels were much higher on the effluent treated 
area than on the conventionally irrigated area. Pasture 
production under effluent irrigation was 55% higher in the 
year measured than on the non-irrigated area and 27% higher 
than on the conventionally irrigated area. Chemical composi-
tion of pasture was similar under effluent and conventional 
irrigation except for higher levels of Na and NOC - N and 
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lower levels of Ca and Mg on the effluent treated pasture, 
Reynolds e^ al. (1978) worked at Utah State 
University (USA) on the effect of land application of 
waste water. They took secondary treated mujaicipal effluent 
for irrigation for 20 years. The treated site had no 
accumulated N, Cr, Ni or soluble salts. Available P 
increased in the site. The plants watered with municipal 
effluent generally exhibited better growth than did those 
supplied normal irrigation. 
Sopper (1978), at Park University (Pennsyluania), 
U.S.A., conducted extensive experiments in which chlorinated 
secondary treated sewage effluent was spray irrigated on 
crops (wheat, oats, corn, alfalfa, red' clover and reed 
canary grass) and forest land for 15 years. He pointed out 
that, at higher rates of irrigation, NOZ-N concentration 
significantly increased crop yields. Crop uptake was upto 
50% of the P and 15C^of the N applied by effluent irrigation. 
Irrigation also increased tree growth. He further noted 
that, in both vegetations, levels of Cu and Zn increased 
slightly but not to levels posing hazards in the food chain. 
Wallace et al. (1978), in California (U.S.A.), 
carried out experiments on reclaimed sewage water and reported 
that reclaimed water from a sewage plant was a satisfactory 
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source of nutrients for growing crop plants in hydroponic 
cultiire. After the water was used in hydroponic tanks much 
of the Cu, Zn, Mn, Fe, Ni, Pb and some of the N, P, and K 
were stripped from water. 
Day et al. (1979), at Tucson (Arizona) U.S.A., 
noted that wheat (Triticum aestivum) irrigated with the 
pump water - waste water mixture produced taller plants, 
more heads per unit area, heavier seeds, higher grain 
yields, and higher straw yields than did wheat grown with 
only pump, water. Soluble salts and NO"-N were higher in 
soils irrigated with pump water than in soils irrigated 
with the pump water - wastewater mixture. However, the 
pump water wastewater mixture had higher levels of total 
N and P than did pump water. Extractable P was higher in 
soils irrigated with the pump water - wastewater mixture 
than in soils irrigated with pump water,-
Overman (1979) applied secondary effluent from the 
city of Tallahassee to coastal Cynodon dactylon and reported 
increase in yield and nutrient uptake (N, P, K, Ca, Mg, Na, 
Fe, Zn) with increased irrigation rate. He also noted that 
the content of dry matter N, P and K increased with irriga-
tion rate. 
Palazzo and Jenkins (1979), working at Hanover 
(U.S.A.), studied the land application of wastewater and its 
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effect on soil and plant potassium. They observed that the 
wastewater contained more than twice as much N as K. They . 
also noted that the plant removal of K increased as the 
amount of N applied or removed by the forage increased. In 
their 5th year trial it was noted that K fertilization 
increased total plant yields and the concentration of this 
element in plants. 
Patterson et al. (1979) investigated the effects 
of cheese whey application on agricultural cropland at 
University of Wisconsin. Its application showed significant 
yield and quality increases in corn together with increased 
in the surface soil P and K concentrations. 
In New Zealand, Quin (1979) compared the nutrient 
removal by harvested reed canary grass, ryegxass and white 
clover in plots irrigated with treated sewage effluents. 
It was reported that harvested plots of reed canary grass 
produced similar dry matter yields and removed similar 
quantities of nutrients as plots of rye grass and white 
clover. 
• In three year trials in Malaysia, in which Palxi Oil 
mill effluent was disposed on the soil, Wood e^ al. (1979) 
reported an improvement in soil structure and nutrients 
status. They also suggested that it can act as fertilizer 
replacenient with extra yield. Land application of raw palm 
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mill effluent (POME) was responsible for clogging and water 
logging of the soil and also kills the vegetation on contact. 
However, this adverse effect can be controlled by application 
of small quantities at a time. 
Marten et al. (1980) carried out experiments at St. 
Paul (Minnesota), U.S.A., in order to evaluate the effects of 
municipal wastewater effluent on performance and feed quality 
of maize and reed canary grass. Effluent application increased 
crude protein of reed canary grass per heactare but not of 
maize. Also perennial grasses showed g superior capacity 
compared to maize for removal of N from soil treated with 
large amounts of wastewater effluent. The grasses were more 
likely to prove the highest protein yielder per hectare, but 
at the same time the least digestible dry matter producers in 
effluent treated systems. 
Reynolds et al. (1980) in Utah (U.S.A.) studied long 
term, effects of irrigation with wastewater. They found that 
the secondary effluent was of satisfactory quality for crop 
irrigation. No significant accumulation of N, Pb, Cu, Zn, 
Ni, Cr and Cd could be attributed to the effluent irrigation. 
They concluded that no harmful accumulation of heavy metals 
on alfalfa grown at the effluent irrigated site was noted. 
Papermills effluent can be used successfully for 
irrigation of sugarcane, increase in sugarcane yield without 
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affecting the quality of cane or the soil was noticed by 
Reddy ejt al_. (1981). Thus, besides the financial gains, it 
offers an alternative to grow high yielding varieties of 
sugarcane instead of the low yielding ones resistant to 
draught conditions. 
Ajmal and Khan (1983, 1985) carried out very 
extensive work at Aligarh to study the effect of effluents 
from various industries on seed gennination of field crops, 
including wheat, pea, mustard, kidney bean, lady's finger, 
pearl millet, etc. They observed a general reduction in 
germination when the concentrations of effluents were 80-100% 
They also found that germination was normal under 25 - 50% 
effluent concentration. 
In the case of soybean (Glycine max), increase in 
yield and development because of wastewater irrigation has 
been noted. Larger seeds and slightly more lodging capacity 
was also observed by Cordonnier and Johnston (1983) in Georgia. 
Kneebone (1983), at Tucson (Az), U.S.A., irrigated 
bermudagrass with secondary treated effluent at three 
scheduled moving heights. Because of certain growth problems 
the height differentials were not fully established the 
first year, but water was consistently less over the period 
June 1982 - June 1983 for the 12.5 m.m. height treatment than 
for the other two. The turf received no nutrients other than 
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those supplied by the effluent. 
At Muzaffarnagar, Kumar jet al_. (1984) studied the 
effect of sewage waters on Triticum aestivuia and its mineral 
composition at various developmental in the presence of applied 
fertilizer (NPK) doses. They found that the harmfulness of 
sewage,-may be neutralized to a certain degree by the applica-
tion of apppriate N, P, and K doses. 
Nitrogen-rich wastewater obtained from a fertilizer 
factory was given to maize plants by Stirban _et al. (1984) 
to study its influence. The wastewater was given in various 
dilutions and it was noted that be effect was because of its 
chemical composition, the concentration of wastewaters and 
the variety used. In the hybrid HD 100, supplied with increased 
concentration of urea-free wastewater, an increase in 
vegetative growth as well as grain yield was recorded. In 
addition, the protein and lipid contents of the grains were 
also improved. On the other hand, the hybrid HD 213 showed 
poor response. 
Chrome tannery wastes application on lettuce (Lactuca 
sativa) and broccoli (Brassica oleracea) increased the nitrogen 
concentration and yields of both crops when grown on tannery 
waste amended soil. Increase in soil pH, N, extra table Ca, 
B and total chromium content of the soil was reported by 
Hemphill ejb al. (1985) in U.S.A. 
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Hocking, at Canberra city (1985) while working on 
the (Australia), response of Cynerus involucratus, with 
reference to wastewater reclamation noted that over 60% of 
the total plant N and P accumulated in leaves. They 
recommended that G. involucratus would be a suitable plant 
for wastewater reclamation on account of its high dry matter 
production its ability to tolerate hypereutrophic levels of 
N and P and the accumulation of most of the N and P in the 
harvestable portions of the plant, 
Sahai et al. (1985) studied,at Gorakhpur, the 
effect of distillery wastewater on the growth behaviour of 
a leguminous crop (Phaseolus radiatus). The effluent was 
highly acidic and contained high amounts of calcium, chlorides, 
bicarbonate, nitrogen and total dissolved solids. Its BOD 
value was also high. They noted that the respective lengths 
of the root and shoot, plant biomass, neit primary productivity, 
seed output and chlorophyll contents were considerably 
increased when the plants were irrigated with 5% effluents. 
The soluble nitrogen and protein contents of the seed 
increased at effluent concentration upto 50 and 15% respec-
tivelyy The distillery effluent as such was highly toxic to 
the growth of the plant, 
CastlS and Raid (1987) studied the effects of 
liquid manure and nitrogen fertilizers applied to a ryegrass 
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clover sward. Herbage yield, clover content and crude protein 
after applying the fertilizers, were compared at nitrogen 
rates of 225 and 450 kg/ha annually. In addition to liquid 
manure (urine plus water), prilled urea, a urea solution and 
an ammonium nitrate fertilizer were applied. In particular, 
the liquid manure treatment gave herbage with a much higher 
content of white clover, and almost double the yield of clover 
when compared with the other fertilizer treatments. 
Fitzpatrick ei ^ . (1986), while working at fort 
laudrdale (Fla), U.S.A., on the interaction effects of sewage 
effluent irrigation and supplemental fertilization on 20 
species of ornamental container-grown trees, noted that 
effluent irrigation markedly increased the growth in some 
species. They also noted a significant interaction between 
irrigation and three species. However, the other species 
were not equally responsive, 
Gideon ejt al. (1986) reported that treated municipal 
wastewater in Israel was mainly used for cultivation of summer 
crops such as cotton, corn, and alfalfa. The strategy of 
conserving water in arid zones was to have supplementary . 
irrigation of wheat to cover almost all evapotranspiration 
losses and to increase wheat yield under the existing 
conditions. 
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Sahu and Adhikary (1986) while working with 
distillary effluent, at Koenohar (Orissa), found that 
diluted effluent of molasses distillary (1-10% vol./vol.) 
supported the seedling growth of the upland variety of 
rice (Oriza sativa CRM 13). A significant increase in 
vegetative growth of the paddy was noted when 10% neutralized 
distillery effluent and the nitrogen fixing blue green alga 
Anabaena species were supplemented in different combinations. 
Sant and Jha (1986) studied the effect of chemical 
factory effluent on germination of finger millet seeds and 
found that best seed germination and seedling growth occurred 
in 2.5 to 50% effluent concentration. They further reported 
that high concentration of NH,C1 contributes to the toxicity 
of the effluent. They, however, recommended that the factory 
effluent can be used safely for irrigational purpose after 
proper dilution. 
Chakr&barti and Chakrabarti (1987) working at 
Nagpur (Maharashtra) introduced sewage and sludge on potato 
crop which increased its yield and acted as non-accumulator 
of Cr. They also noted high activity of aspartate amino-
transferase, alanine aminotransferase and catalase in leaf 
and of protienase and peroxidase in stem and root respectively. 
High nitrogenous industrial effluents were used 
by Nyamapfene and Mtetwa (1987) in Zimbabwe to irrigate 
-51-
pastures, on which dairy cattle were being grazed. In 
general, it was noted that N content of the effluent was 
within the regulation limit by the time it entered the 
main river. 
Veer and Kusumlata (1987), while working at 
Meerut (U.P.) on the effect of polluted municipal waste-
water (containing sewage sludge and industrial waste etc.) 
on growth, yield and levels of some biochemical components 
of wheat, found that the irrigation promoted growth and yield. 
The levels of total nitrogen and phosphate were not signi-
ficantly affected except that N was less in grains of plants 
receiving polluted water. However, levels of protein N, x 
soluble N, non-reducing and reducing sugars were less in 
grains of plants irrigated with polluted water. They also 
observed that some plant parts including supplied with the 
same water accumulated much higher levels of heavy metals. 
Effect of irrigation with raw and differentially 
diluted sewage and application of primary settled sewage 
sludge on wheat plant growth, crop yield, enzymatic changes 
and trace element uptake were investigated by Chakrabarti 
and Chakrabarti (1988) at Nagpur (Maharashtra). An increase 
in the concentration of Cu, Zn, Cr, and Mn and a decrease in 
the activities of aspartate aminotransferase, alanine 
aminotransferase and peroxidase was found, Catalase activities 
were significantly low in roots, stems and earheads of wheat 
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plants. There was significant decrease in proteinase 
activity on roots and earheads of sewage irrigated plants. 
They also noted that grain yields were not reduced despite 
the decrease in activity of certain enzymes. 
Gupta and Sanjay (1988) working at Aligarh (U.P.) 
analysed sewage which irrigated the fields. Macro and 
micronutrients were found to be more than the permissible limit 
in sewage. They also noted that yield was more in sewage 
irrigated fields, though accumulation of heavy metals made 
them hazardous. Sewage irrigated plants were found to rot 
earlier than tubewell irrigated plants. 
Papadopoulos and Stylianou (l9B8a) applied treated 
municipal effluent by trickle irrigation on cotton (Gossypium 
hir^ubuTj L. cv. Sinder 1980) grown cyprus. Seed cotton yield 
was significantly greater in the effluent irrigated treatments 
supplemented with N upto 60 mg/1 . Thus, municipal treated 
effluent containing 30 mg N/1 can be used effectively in 
trickle irrigation systems as a source of irrigation water 
and N with appropriate N, and water management ecological 
hazards due to NO^-N may be minimized and salinity and 
sodicity may be maintained at acceptable levels for cotton. 
They (l988b) also carried out another experiment to evaluate 
a secondary treated effluent as a source of K irrigation 
vvater for trickle irrigated Sudax (Sorghum inil^re X Sorsrhi 
_.um 
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sudanese). Secondary treated effluent was compared with 
freshwater both being supplemented with 0,30, 60 or 90 mg 
M/l. Nitrogen was efficiently used from effluent. With 
these N levels, no NO, - N accamulation occurred. Increase 
in yield was obtained with both waters at the supplementary 
N levels of 30 mg/l. Irrespective of the N level, yield 
was significantly higher with the treated effluent. 
Neelaci and Sahai (1SS3 a) reported the effect of 
fertilizer factory effluents of different concentration on 
seed germination, seedling growth, pigment content and 
biomass of Seasamum indicum in India. The values of germi-
nation percentage and seed germination index increased 
corresponding with increase in the effluent concentration 
upto 5%' Lengths of radicle and plumule, seedling biomass, 
pigment content considerably increased when the plants were 
treated with 10% effluent. 
Neilsen £t al_. (1989) carried out a 4 year 
experiment in Canada on tomato, sweet pepper and onion grown 
with trickle irrigation using either well water or secondary 
effluent. Yields with effluent irrigation were greater than 
or similar to those obtained with well water. Effluent 
irrigation decreased Zn, increased P. and gave variable 
results for other nutrients in plant tissue,, 
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2,5.2 Metal accijmulation in corps through wastewater irrigatic 
Trace elements are presented in natural waters 
(ground and surface) and their sources are associated with 
either natural processes or man's activities (weathering 
of rocks, soil leaching, mining of coal and minerals and 
industrial and municipal wastewaters). 
Heavy metals specially do not exist in soluble 
form for a long time in water. They are present mainly 
as suspended colloids or are fixed by organic and mineral 
substances. Plants are known to selectively accumulate 
trace elements. As a result of this, the concentrations 
of some trace elements in water may decrease in some 
seasons while other elements may become soluble during the 
decay of plants. Wastewater used on farmland is generally 
a source of several trace elements, including some heavy 
metals. Therefore, the possibility of contamination 
should limit this method of wastewater disposal because 
of the accumulation of hazardous amounts of heavy metals 
in surface soil. Metals accumulated in soils are depleted 
slowly by leaching, plant uptake and erosion. 
In several soils, the threshold levels already 
have been exceeded either in gardens and orchards or in 
other locations by contamination from industrial emissions 
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or heavy and repeated applications of wastewater, slurry 
and sewage sludges. Therefore, high heavy metal content 
of sludges were the most important hindrances. 
Tiffin (1977) observed that plants may be passive 
receptors of trace elements (fallout interception or root 
adsorption), but they also exert control over uptake or 
rejection of some elements by appropriate physiological 
reactions. 
Surface irrigation of pasture with treated 
sewage effluent was given by i^uin and Syers (1978) in 
New Zealand and it was noted that its application for 
more than16 years had little effect on the heavy metal 
composition of the soil and pasture. Slightly higher levels 
of Zn, Cu, Co, and Mn in the effluent-treated soil did not 
increase levels of these elements in the pasture. If land 
application of the sludge is introduced, it would take at 
least 200 years for heavy metals to reach the recommended 
limit of 5?^  of the soil cation exchange capacity. 
Reynolds £t al_. (1980) studied the long term 
effects of irrigation with wastewater in Utah (U.S.A.). 
They found that secondary effluent was of satisfactory 
quality for crop irrigation. No significant accumulation 
of N, Pb, Cu, Zn, Ni, Cr and Cd could be attributed to the 
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effluent irrigation. They concluded that no harmful 
accumulation of heavy metals on alfalfa grown at effluent 
irrigated site were noted. 
Brown ejb al. (1983) found metal accumulation by 
bermudagras grown on soil amended with secondarily treated 
sewage effluent. 
"•o^ 
Accumulation of most of the N and P in the harves-
table portions of Gyperus involucratus, when irrigated with 
reclaimed wastewater, was noticed by Hocking (1985) at 
Canberra City (Australia), Linum usitatissimum irrigated 
at Cairo 'Jriiversity (igypt) with sewage effluent once per 
week showed significant increase in F, K, Ca, and Mg. On 
the other hand, when irrigated twice per week, levels of 
heavy metals found in the effluent were low (Kord, 1987). 
Belyuchenko and Dronov (1988) noted in U.S.S.R. 
that residential sewage was responsible for accUiiulation 
of NO--M and heavy metals (As, Br, Cd, Co, Cr, Cu, Fe, Mo, 
Mn, Ni, Pb, Se and Zn) in witch grass (Panician antidotale) 
and soils. Intensive accumulation of NO-,-N in the fodder 
mass of the plants was more during vegetative phase while^ 
at later stage (flowering), it was decreased and was at the 
allowable level. 
In case of vegetables like sugarbeet, carrots, 
spinach, cauliflower, coriander, lettuce, turnip and radish, 
accumulation of heaT/ metals was in the order of Na K Fe 
Cu Cr Pb Na when treated with raw sewage by Naheed 
et al. (1988) at Lahore (Pakistan). They also noted that raw 
sewage significantly affected the growth as well as the taste 
of these vegetables. 
In various experiments on Alium, bromegrass, 
bromegrass, cereals, chard, cucumber, Indigofera glandulosa, 
lettuce, Silene vulgaris, Swiss chard, Vicia faba and some 
other plants, supplying P, K, Ca, Cd, Cu, Fe, Hg, Mn, Ni, 
Fb and Zn has been noted'to result in decrease in dry matter, 
yield and in acci^ulation of metals in plant tissue, similar 
studies on the interaction of metals have also been conducted 
by Boggess et a],. (1978), Hogg et al. (1978), Mahler ejt al, 
(1978), Bingham (1979), Bingham et al. (1979), Joseph (1984), 
Logan and Feltz (1985), Singh and Mishra (1987), De Marco et_ al. 
(1988), Singh (1988), Kasimov et al. (1989) an.d Verkley and 
Prast (1989). 
2.4. Harmful effects of wastewater oncrop plants ^ 
In small quantity, many elements are beneficial 
for plant growth and development. At a slightly higher 
concentration however, they may become toxic. There are also 
a few elements which have no known physiological function and 
are always considered biologically harmful. 
Since municipal wastewater could be utilised in 
agriculture, limitations are suggested to avoid toxic metals. 
Two llimits were suggested, the higher ci which presents the 
highest permissible level of toxic metals in waste for 
application to agricultural land while the lower represents 
that for a long term application. If these limits are not 
exceeded it is believed that no considerable enrichment of 
heavy metals will be achieved (ElBassam and Thorman, t976). 
In the soil, uncontrolled trace element inputs are 
undesirable because, once accumulated in the soil, these 
substances are in most cases practically impossible to remove 
and subsequently lead to: 1. toxicity to plants grown on the 
effected soils, 2. absorption by crops, resulting in trace-
element levels in the plant tissue considered harmful to the 
health of humans or animals who consume the crops. Among 
the trace-elements commonly found in the wastewater, B, Cd, Cu, 
Mo, Ni and Zn are considered to present potentially serious 
hazard if they are introduced into the cropland soils in an 
uncontrolled manner (Page and Chang, 1973). 
The critical concentrations in wastewater that may 
restrict crop development depend on a number of parameters 
such as soil permeability, precipitation, quantities of 
water applied, methods of irrigation and crop tolerance. 
There are some indications that the critical level of the 
detrimental constituents are are higher in treated waste-
water than those for the same constituents in supply water 
because of the moderating effect of organic matter and 
nutrient elements present in the former (Josef and Akina, 
1977). 
Maclean and Dekker (1978), working at Ottawa 
(Canada), studied the availability of Zn, Cu, and Ni to 
plants grown on sewage treated soil. In a pot experiment 
with additions of Zn, Cu, and Ni to a loam soil (pH 6,3) 
at rates 480 ppm, sewage sludge eliminated the toxic effect 
of Cu and reduced the concentrations of Zn and Ni in the 
plants, and reduced the amounts of extractable metals and 
soluble Zn & Ni in the soil. They concluded that lettuce 
grown with the metals and sludges was more susceptible than 
corn to the toxic effects of metals in the loam soil and to 
Zn in clay soil (pH 5.9). In the latter soil, Ni was less 
toxic to lettuce than to corn. It was also observed that 
the concentration of metals was more in lettuce than in corn. 
Ruthsatz (1983), while working on herbaceous liel 
on (nitrophilous herbs and grasses)on manures and sewage 
from agriculture and village wastewater in Germany, noted 
that there was sr.ecious diversification of meadows and 
pasture. It was reported that Filipendula communities are 
mined with or even dominated by nitrophilous herbs and 
grasses because of the more or less intensive input of 
fertilizers, manure and sewage from agriculture and village 
wastewater. Many of the species growing along ditches less 
rich in nutrients are already rare or even threatened by 
extention. The reduction or avoidance of fertilizer and 
sewage input into the ditches would control the abundant 
and undesirable weed growth as well as favour the survival 
of the endangered soecies from noor sites. 
*o^ 
Bahera and Misra (1985) studied the activity 
of peroxidase, amylase and nitrate reductase of rice 
(Oryza sativa^LCV. Mushoori) seedlings grown on sugar mill 
effluent. Activity of these enzymes decreased during 
effluent treatment. On the other hand, a marked increase 
in succinate dehydrogenase activity was noticed a- various 
concentrations of effluent treatment. A correlation was 
established between the redardation of growth and develop-
ment of effluent treated rice seedling with the activities 
of some key enzymes regulating growth and dsveloDnent. 
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Meeta and Sahai (198?) made an extensive study 
at Gorakhpur (U.P.) and found that the percentage and rate 
of germination of seeds of Cicer arietinum were increasingly 
retarded with increase in distillery effluent concentration 
and at 100% concentration there was no germination. The 
seedlings exhibited maximum shoot length at 5% concentration 
and maximum root length at 2,5% concentration. The values 
of root and shoot lengths, leaf area, biomass, net produc-
tivity, pigment content, reproductive capacity, seed 
output, seed weight, seed density and seed protein content 
in pot plants exhibited a gradual increase from the control 
upto 5% concentration and decreased at higher concentrations. 
The very high BOD load and the presence of excessive 
concentrations of soluble salts could be responsible for 
the toxicity of the effluent. It was deduced that effluent 
upto 5% concentration was beneficial for the overall growth 
parameters studied and thus can be used as a liquid fertilizer, 
Chakrabarti and Chakrabarti (1988) carried out an 
experiment at Nagpur (Maharashtra) in which wheat plants 
were irrigated with raw, differentially diluted sewage and 
primary settled sewage sludge. They found an increase in 
the concentrations of Cu, Zn, Cr, and Mn and a decrease in 
the activities of aspartate aminotransferase, alanine amino-
transferase and peroxidase. Grain enrichment efficiencies for 
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Cu, Zn, and Mn were low under all experimental conditions, 
while for Cr it was low under all sewage irrigation 
conditions. 
Muthuchelian _et al_. (1988), working at Madurai 
studied the influence of sewage water and sewage soil on 
photosynthesis, nitrate reductase activity and biomass 
accumulation of Phaseolus mungo L. Sewage soil promoted 
chlorophyll synthesis while net photosynthesis and total 
soluble protein were unaltered. Nitrate reductase (NR) 
activity and biomass accumulation were decreased. Sewage 
water inhibited chlorophyll synthesis, net photosynthesis, 
M activity, total soluble protein, seedling growth and 
biomass production. The depressed NR activity in sewage 
soil grown plants showed the unavailability of nitrate in 
the sewage soil rather than metal inactivation of nitrate 
reductase enzyme. They recommended that sewage, supplemented 
with nitrate, soil can be used for cultivation purpose. 
Application of more than 5% concentration of ferti-
lizer factory effluent on Pry2a sativa cultivar Jaya at 
Jodhpur (Rajasthan) decreased the speed of germination 
index (SGI). Only % concentration had overall beneficial 
effect (Neelam and Sahai, 1988 b). 
Many of the toxic substances detected to be 
entering fresh waters today were there even several dec aies 
ago. However, others have become conspicuous recently. 
The potential for accumulation of toxic substances within 
tissues increases the significance of certain pollutants 
which may be present in water. The range of such toxic 
substances is very extensive and includes inorganic poisons, 
organic poisons, heavy metals and pesticides (Hell'well, 
1988). 
Papermill effluent irrigation, when given to 
groundnut and finger millet seedling at Bangalore (Karnataka), 
grown in sand culture decreased the activities of carboxyla-
ting enzymes and nitrate reductase in both the crops. The 
PEP carboxylase activity in finger millet suffered more 
reduction than RuBP carboxylase in groundnut (Pathmanabhan 
and Udayakumar, I988). 
There was concern about the possibility that 
vegetables and foods which were eaten raw and cultivated 
on sewage irrigated farms may be responsible for the transfer 
of pathogens through these crops. Pathogens and a few 
vegetables examined from a farm at Nagpur (Maharashtra), 
that used raw sewage, were found positive for Salmonella 
and parasites during the summer (Sorab, 1972). 
The harmful effects of various heavy metals, 
including Ni, Zn, Pb, Cr, Cu, Co, Cd, Ag, Hg etc. and 
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on germination, growth, yield and enzymes were studied by 
Singh (1983),-Perez et al. (1988), Mohanty jet al. (1989; 
and Snehlata (1990). 
Another aspect of harmful effects of sewage on 
plants as well as human beings including transfer of 
pathogens like virus, bacteria, parasitic worms, helminths 
to cause various diseases (typhoid, malignant tumour, 
congenital malformations, shigellosis, hepatitis, salmonellasis) 
has been studied by Shuval (l95l),Berg (1978), Braude £t al. 
(1978), Stout (1978), Goyal et al. (1984), Cai £t al. (1986; 
and Deng _et aj.. (198S). These studies indicated that 
bacteria, protozoa and helminths do not penetrate healthy 
undamaged surfaces of vegetables and die away rapidly on 
crop surfaces exposed to sunlight. However, pathogens can 
survive for extended periods inside leafly vegetables or 
in protected craks or steam areas. It is clear from the 
many studies to date that pathogens are present in sewage 
in great quantity and variety and can survive for periods 
in the soil or on crops which make sewage water unfit for 
crop irrigation from point of view of consumable plants. 
2, 5. Beneficial and harmful effect of sludge on plants and soil 
Sludge is the soft mudy portion from the sewage 
or any other industrial effluen-. Increasing Drices oi 
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chemical fertilizers, problems connected with, sludge disposal, 
improved sludge handling techniques and reborn tendencies 
towards recycling of materials have made sewage sludge 
increasingly attractive as agricultural fertilizer. The 
usefulness of sludge is threatened, however, by its content 
of noxious elements, above all certain heavy metals. 
It may be pointed out here that, since sludge forms 
a peripheral aspect of the topic literature, pertaining to 
it is reviewed here only briefly. While working on cereals, 
legumes, oil crops, vegetables and some other plants with 
various types of wastes including sludges (chjr'ome tannery 
waste papermill waste, slurry, sewage sludge), a number of 
workers in India and abroad observed increase in growth, 
yield, quality, nutrient uptake, root nodulation, root 
penetration and metal accumulation in plant parts. Mention 
may be made of Bryant and Cohen (1978), de Vries and Tiller 
(1978), Elseewr £t al. (1978), Latterell (1978), Porter (1978), 
Sims and Boswell (1978), Baked et al. (1979), Bates et al. 
(1979), Bingham (1979) Chan et al. (1979), Hyde et al. (1979), 
Keefer et al. (1979), Keith and Thomas (1979), Sheaffer et al. 
(1979 a, b). Zuara (1979), Kirkham (1980), Schauer et £l. 
(1980), Berrow (1982), Carlson et al. (1982), Danneberg et al. 
(1983), Kirkham (1983), McGrath (1983), Andrews (1984), 
Berthet et al. (1984), Elsokkary (1984), Hinesly et al.1984, Hinesl} 
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and Redberg (1984), Hutchings (1934), Stromberg et al. (1984), 
Bray (1985), Harding et al. (l985), Hansson (1985), Helen and 
Davies (1985), Logan and Esmailzadeh (1985), Soon and Bates 
(1985), Christie (1986), Day and Thompson (19^ 36),. Heckman 
et. al,. (1986), Pierzynski et al. (1986), Korkak (1986), Burns 
et al. (1987), Chakrabarti and Chakrabarti (1967), Chu and 
Wong (1987), Coker et. al. (1987 a, b), Heckman (1987), Hughes 
(1987), Johnson et al. (1987), O'Riordan (1987 a, b, c), 
Saciragic and Habul (1987), Bell et al. (1988 a, c), Bell and 
Charles (1988 b), Day and Thompson (1988), Falahi (1988), 
Cagan et al. (1988), Gebhardt et al. (1988), Lane (1988), Morel 
(1988), Skripnichenko et al. (1988), Covillard and Grenier 
(1989), Prasad and Prasad (1989) and Stone et ,al. (1989). 
On the other hand, sludge (dried, activated, 
municipal, sewage), applied to cereals (barley, rice, wheat), 
grasses (ryegrass), vegetables (potato, lettuce, radish), 
legumes (beans) and some other plants, resulted in reduced 
yield and seed germination, low catalase activity, microbial 
immobilization of metals present, decline in rhi2obial popula-
tion, inhibition in nodulation, accumulation of metals in 
plant tissues to toxic levels and seedling mortality according 
to the data published by Purves (1977), Dowdy et al. (1978), 
Locas (1978), Mitchell et al. (1978), Pommell et. al. (1978), 
V/ollen et al. (1978), Walker and Dowdy (1980), Robert and 
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William (1981), Wong et al. (1981), Reddy £t al, (1983), 
Juwarkar and Shende (1986), Nashikkar (1986), Chakrabarti and 
Chakrabarti (1988), Grenier and Couillard (1988) and Brown 
et al. (1989). 
Application of sludge and cattle slurry etc, was 
responsible for the change in the composition and physicochemical 
properties of soils which in turn was responsible directly or 
indirectly for the improvement of soil quality. Mention may 
be made of Ilo (1983), Araya et al. (1985), Diaz et al. (1967) 
and Werner et al. (1988) who have reported that the sludge acts 
as fertilizer. Nutrient availability, including that of trace 
elements, was also reported with the addition of sludge under 
different agroclimatic conditions by Ikka (1978), Gebhardt et al. 
(1979), Jacob et al. (1979), Kloke (1979), Horak et al. (1982), 
Patterson et al. (1982) King (1984), Berthet et al. (1985), 
Logan and Esmailzadeh (1985), Badamchian (1986), Dawson and 
Sian (1987), Day et al. (1988) and Yang (1989). It may be 
noted that increase in some heavy metals in the soil, when 
sewage sludge was incorporated in the soils, was reported by 
Doty et al. (1978), Kiathews (1979), Lewin and Beckett (1980), 
Sikoral (1980), Kinkle (1987) and David (1988). 
In contrast to its beneficial effects, some adverse 
effects on soil were also noted due to sludge application. 
Braude et al. (1978) reported that pathogens and heavy metals 
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were added to the soil through sludge. Backett et al.(1979) 
reported that metals added through the sludge were more 
responsible for immobilization of minerals. While Simon et_ al. 
(1983) were of the opinion that pathogens were added in the 
soil with the application of sewage sludge. 
^ 6, Conclusion 
From the foregoing review, it becomes clear that 
the work on sewage has been limited to certain aspects only 
seems quite patchy. It is more evident when we consider the 
publications from India, Random superficial studies have 
been reported without going into details like chemical 
analysis of effluent and soil, involve-
ment of heavy metals, crop growth and development and quality 
of the grain. Therefore, itSeems desirable that an exhaustive 
study be made taking into consideration all the important 
aspects of the problem. The author intends to investigate 
in detail the response to wastewater of a comparatively stress 
resistant crop (triticale) as the expertise about its 
cultivation is abundantly available in her laboratory and her 
supervisor of research, Dr. Arif Inain^ is considered a pioneer 
among Indian workers on this crop. 
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CHAPTER - THREE 
PROPOSED STUDY 
To fulfill the aims and objectives nientioned 
earlier five field experiments will be conducted taking 
various varieties of triticale and one variety of local 
wheat as check. These will be irrigated with sewage 
wastewater, supplemented with different doses of nitrogen 
and phosphorus under local agro-climatic conditions. 
These trials will be conducted during the "rabi" 
seasons (winter) at the Agricultural Farm of A^M.U., Aligarh 
as per details given below: 
3.1 Preparation of the experimental field 
Before starting each experiment, the field will be 
thoroughly ploughed to ensure proper aeration alongwith the 
elimination of weeds. Then small plots of 5 sqm each will 
be prepared. One light H irrigation will be given before 
sowing of each experiment in order to provide the required 
moisture for proper germination. 
3.2 Soil characteristics 
Before sowing, soil samples will be collected 
randomly from various plots at a depth of about 10-15 cm. 
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The collected samples will be mixed to form a composite soil 
sample. This will be analysed for various physico-chemical 
properties, including texture, organic matter, CEC, pH, EC 
and available nitrogen, phosphor0us, and potassium. 
3.3 Field experiments 
The following field experiments will be conducted 
according to the scheme of treatments given in Tables 1-5. 
Experiment I and II will be conducted in the first "rabi" 
season. III and IV in the next rabi season and V in third 
rabi season. 
3.3.1 Experiment I 
This experiment will be conducted to study the 
comparative growth, yield and quality of five triticale 
varieties, including Delfin, the best yielding CIMMYT 
variety at Aligarh, Juppa "S", Mula "S", Tigre "S" and TL-
419 (bred and released by PAU, Ludhiana), and one locally 
high yielding wheat cultivar i.e. HD 2204, Three irrigations 
will be given and the sources of irrigation water would be 
tubewell for ground water (control) and sewage water disposed 
of in the form of municipal wastewater through sewage pump 
Aligarh. The design of the experiment will be split plot 
with three repications. Urea (120 kg N/ha), monocalcia-n 
Table 1 
Scheme of treatments 
(Experiment I) 
S.No. Var ie t ies 
Nature of i r r i g a t i o n 
Sewage Ground 









T r i t i c a l e 
Del f in 
j^uppa "S" 
Mula '-''S" 












N«B. A uniform basal dose of Nitrogen, Phosphorus, 
Potassium N^^n P^n K^n will be added at the time 
'120 ^ 60 "^ 60 
of sowing. 
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superphosphate (60 kg P/ha) and muriate of potash (50 kg K/ha) 
will "be used as the sources of nitrogen, phosphorus and pota-
ssium respectively. This dose has been selected on the basis 
of earlier fertilizer trials at Aligarh. The seed rate will 
be kept uniform at 150 kg/ha. Sowing will be done during 
10-15 November by "behind the plough method". Weeding will 
be done twice at tillering and heading. Harvesting and 
threshing will be done manually after the maturity of the 
crop. 
3.3.2 Experiment II 
This experiment will be conducted simultaneously 
with Experiment I. The aim of the experiment will be to 
study the interaction effect of seven doses basal nitrogen 
and two sources of irrigation water on the growth, yield and 
quality of triticale cultivar TL-419 because of its satisfac-
tory earlier performance at Aligarh. Irrigation water will 
be obtained from sewage and tubewell. The results-are 
expected to indicate whether any economy of nitrogenous 
fertilizer would be achieved by using sewage water. A 
uniform basal dose of phosphorus and potassium (60 kg P and 
60 kg K/ha) will be applied. The different doses of nitrogen 
will be No, NgQ, N^Q, N^20' ^ 150' ^ 180 ^^^ ^210* ^^^ '^^^^°^ 
of the experiment will be split plot with three replications. 
Regarding sowing date, plot size, seed rate, sowing method, 
Table 2 
Scheme of treatments 
(Experiment II) 

















(Kg N/ha) Sewage Ground 








N.3. A uniform basal dose of phosphorus and potassium 
PgQ KgQ will be added at the time of sowing. The 
variety will be triticale TL-419. 
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v/eeding, sources of irrigation water, irrigation schedule, 
the sources of nitrogen, phosphorus and potassium, threshing 
and harvesting will be the same as in Experiment I. 
3.3.3 Experiment III 
Experiments III will be conducted in next "rabi" 
season. The aim of Experiment III will be to study the 
effect of four doses of phosphorus applied basally on the 
growth, yield and quality of two triticale cultivars. One 
of these will be TL-419 and other, the one that performed 
best in Experiment I, taking wheat as check. Irrigation 
will be done with sewage wastewater only. A uniform basal 
dose of nitrogen and potassium (120 Kg N/ha and 60 kg K/ha) 
will be applied before sowing. The different doses of 
phosphorus will be PQ, P^Q, P^^Q' ^ 60* "^ ^^  design of the 
experiijient will be factorial randomised with three replica-
tions. Sowing date, size of plots, seed rate, sowing method, 
weeding, source of irrigation water, irrigation schedule and 
the sources of nitrogen, phosphorus, potassium, harvesting 
and threshing will be the same as in previous experiments. 
3.3.4 Experiment IV 
This experiment will be carried out together with 
Experiment III. The aim of this experiment will be to study 
Table 3 J Scheme of treatments 
















N.B, A uniform basal dose of nitrogen and potassium 
(N^pQ and X^Q) will be added at the time of 
sowin3. Irrigation will be done by sewage waste 
water only. 




treatments Best of TL-419 Wheat 









N.B, A uniform basal dose of phosphorus and potassium 
(PgQ and K^Q) will be added at the time of sowing. 
Irrigation will be done with sewage waste water 
only. 
NQ = no nitrogen fertilizer (Control) 
N-^  = half of the optimum nitrogen fertilizer 
. Na^  = three fourth of optimum nitrogen fertilizer 
4 
N ,. = Ootiaum nitrogen fertilizer, 
optimum - ° 
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the comparative performance of the two varieties of triticale 
and wheat check taken in Experiment III, applying four 
nitrogen doses selected on the basis of the date of Experiment 
II. These will be 0, 1/2, 3 A and full of the best dose. 
Only sewage wastewater will be used for irrigation. A 
uniform basal dos© of phosphorus and potassium (60 kg P/4,a and 
60 kg K/ha) will be applied at the time of sowing. The design 
of the experiment will be factorial randomised. The sources 
of nitrogen, phosphorus and potassium, will be urea, 
monocalcium superphosphate and muriate of potash respectively. 
The seed rate, sowing method, and other cultural practices 
from sowing to harvesting and threshing will be same as in 
earlier experiments. 
3.3,5 Experiment V 
It will be performed in the 3rd "rabi" season. The 
aim of the study will be to find out the best combination of 
nitrogen and phosphorus doses with best variety selected from 
Experiment I and TL-419 with one variety of wheat as local 
check, treated with sewage wastewater only. The combinations 
of nitrogen and phosphorus will be NQ PQ, N./^ ^^/p* ^-^/L 
P , and Nopt ^oof ^ uniform basal dose of potash (60 kg 
K/ha) will be applied simultaneously. The design of the 
Table 3 

















^1/2 ^ 1/2 
^3/4 ^ 1/2 
% t ^/2 
^1/2 ^ 3/4 
^3/4 ^ 3/4 
o^pt ^ 3/4 
^1/2 % t 







































N.B. A.'uniform basal dose of potassium (Kgn^ will be added 
at the time of sowing. Irrigation will beddone by sewage 
wastewater only. 
NQ = no nitrogen fertilizer 
(control) 
N^ /^ = half of the optimum 
PQ = no phosphorus fertilizer 
(control) 
'1/2= dose. 1/2 
= half of the optimum dose 
N,/,= three fourth of the 
'3/4= 
optimum dose. 
N .= Optimum dose of 
nitrogen fertilizer. 
P,/,= three fourth of the ootimum 
^'^ dose. 
P .= Outimum dose of phosohorus 
°P^ fertilizer. 
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experiment will be factorial randomised. The cultural 
practices from sowing to threshing will be same as in 
earlier experiments. 
3.4 Sampling 
3.4.1 Soil and water 
Samples of soil will be collected for analysis 
before sowing and after harvesting of each experiment, while 
the samples of water (sewage and ground water) will be 
collected before each irrigation. 
3.4.2 Plants 
In order to assess the effect of wastewater 
application and fertilizer treatments on crop varieties, plant 
samples will be collected randomly at tillering stage (70-
75 days), heading stage (100-105 days) and milky grain stage 
(120-125 days) for the study of physiological and morpholo-
gical characteristics, 
3.5.1 Growth characteristics 
The following growth characteristics will be 
observed at tillering, heading and milky grain stages: 
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1. Shoot length/plant (cm) 
2. Leaf number/plant 
3. Tiller number/plant 
4. Fresh weight/plant (g) 
5. Dry weight/plant (g) 
6. Leaf area index (LAI) 
7. Net assimilation rate (NAR) 
Whereas fresh weight and dry weight would account 
for total productivity in terms of rate of increase of weight, 
volume and dry matter accumulation, leaf number would be a 
measure of differentiation and tiller niimber of meristematic 
activity. 
To assess dry weight of shoot, the three plants 
already evaluated for their various growth parameters will 
be dried for about 72 hours in an oven maintained at 80°C. 
3.5.2 Leaf area index (LAI) 
It will be calculated by using the following 
formula suggested by Watson (1947). 
Leaf area per plant 
LAI = 
Area occupied per plant 
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3.5.3 Net assimilation rate (NAR) 
It will be calculated according to the following 
formula (Milthrope and Moorby, 1979). 
w„ - w. 2.303 (log^n Lp - ^°S^-) ^ ) 
NAR = (-^  1) X r—^^^r^ LL_L-
t^  - t^  4 " ^1 
ig Where, W. = dry weight of plant at I samplin 
W = dry weight of plant at subsequent samplin, 
L^ = leaf area of plant at I sampling 
Lp = leaf area of plant at subsequent sampling 
t^ = days of sampling at I samplin 
tp = days of sampling at subsequent samplin 
ig 
iS 
I = logarithm to base e 
Log^Q= Logarithm to base 10 
LAI and NAR wi l l re f lec t photosynthet ic ef f ic iency, r a t e of 
d i f f e r en t i a t i on and accumulation of metabolic products in 
p l a n t s . 
3 .5 .4 Yield cha rac t e r i s t i c s 
The following y ie ld c h a r a c t e r i s t i c s w i l l be 
observed a t harvest . Three p lan ts wi l l be sampled rap.domly 
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from each bed at the time of harvest. 
1. Ear number/plant 
2. Ear weight/plant (g) 
3. Length/ear (cm) 
4. Spikelet niwiber/ear 
5. Grain number/ear 
6. 1,000 grains weight (g) 
7. Grain yield (q/ha) 
8. Straw yield (q/ha) 
9. Biological yield (q/ha) 
After harvesting, the total produce (grain plus 
straw) of each plot will be allowed to dry for a few days 
and its weight recorded. The grain in the total yield of 
each plot will be threshed out manually and its weight 
recorded. Straw yield will then be obtained by subtracting 
the grain yield from the weight of the total produce 
recorded before threshing. 
3.6.1.1 Chemical analysis of plants 
Chemical analysis of leaves (at each growing stage) 
and of grain (at harvest) will be carried out as follows: 
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3.6.1.2 Leaf analysis 
Chemical analysis will be carried out according to 
the method of Lindner (1944). Healthy leaves from dried plant 
shoots will be powdered and passed through a 72 mesh screen. 
The leaf powder of each sample will be kept overnight at 
70°C, after which digestion of the sample and subsequent 
analysis for its N, P, and K contents will be performed as 
follows: 
3.6.1.3 Digestion of leaf powder 
100 mg of the leaf powder will be carefully trans-
ferred to a 50 ml kjeldahl flask and 2 ml of chemically pure 
sulphuric acid will be added. Digestion will be continued 
on a heating mantle for 2 hours to allow complete reduction 
of nitrates present in the plant material. When the colour 
of the material turns to brownish black, the flask will be 
cooled for 15 minutes, followed by dropwise addition of 0.5 
ml of chemically pure 30% hydrogen peroxide. The solution 
will be heated for about half an hour K till its colour 
changes from brownish black to light yellow. It will then 
be cooled and an additional amount of 3-4 drops of hydrogen 
peroxide will be added, followed by gentle heating for another 
15 minutes to get a clear and colourless solution. 
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The peroxide digested material will be transferred 
to a 100 ml volumetric flask and the volume will be made 
up to the mark with double distilled water. Required aliquots 
of the peroxide digested material will be used to estimate 
the nitrogen, phosphorus and potassium contents. 
3.6,1.4 Estimation of nitrogen 
The method of Lindner (1944) will be adopted for 
the estimation of nitrogen in the samples, 
A 10 ml aliquot of the peroxide digested material 
will be.taken in a 50 ml volumetric flask and to this 2 ml 
of 2,5 N sodium hydroxide will be added to neutratise excess 
of the acid. In order to prevent turbidity, 1 ml of 10?^  
sodium silicate solution will be added and the volume of the 
solution will be made upto the mark with the help of distilled 
water 0,5 ml of this solution will be- taken in a 10 ml gradua-
ted test tube and 0,5 ml of Nessler's reagent will be added 
dropwise, being mixed throughly after each drop. The final 
volume will be made up with distilled water and the tube will 
be allowed to stand for about 5 minutes for maximum colour 
development. 
The solution will be transferred to a colorimetric 
tube and the optical density of the solution will be determined 
-60-
at;25 nm on a Bausch and Lomb "Spectronic-20" colorimeter, 
A blank consisting of distilled water and Nessler's reagent 
will be run simultaneously. A calibration curve will be 
obtained by using known dilutions of a standard ammonium 
sulphate solution and the reading ofeech sample will be 
compared with this calibration curve. Nitrogen in the leaves 
will be determined in terms of percenxage on dry weight basis. 
3.6.1,5 Estimation of phosphorus 
Phosphorus will be estimated according to the 
method of Fiske and Subha Row (1925). 
A 5 ml aliquot of the peroxide digested material 
will be taken in a 10 ml graduated test tube and 1 ml of 
molybdic acid (2.5^ ammonium molybdate in 10 N-sulphuric 
acid) will be added carefully, followed by the addition of 
0,4 ml of 1, 2, 4 - amino-naphtholsulphonic acid. The colour 
of the solution will turn blue. Distilled water will be 
used to make the volume up to the mark. The solution will 
be kept for 5 minutes to allow colour development and then 
transferred to a colorimetric tube. 
The optical density of the solution will be read 
at 620 nm on a "spectronic-20" colorimeter. A blank will be 
run simultaneously with each determination. The standard 
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calibration curve will be prepared by using known concentra-
tions of monobasic potassium phosphate solution. The reading 
of the samples will be compared with this curve and phosphorus 
content in the leaves will be computed in terms of percentage 
on dry weight basis. 
3.6.1.6 Estimation of potassium 
Potassium content in the leaves will be estimated 
flame photometrically, A 10 ml aliquot will be taken and 
read at 768 na. after preper dilution. A blank containing 
only distilled water will be run side by side. The readings 
will be compared with a calibration curve plotted for different 
dilutions of standard potassium sulphate. 
3.6.1.7 Estimate of heavy metals in leaves 
50 mg dried powdered leaves will be digested with 
nitric acid and perchloric acid. After appropriate dilution, 
the digest will be analysed for heavy metals with the help 
of Atomic Absorption Spectrophotometer APHA (1985). 
3.6,2. Grain analysis 
The grain of each sample will be chemically analysed 
for its carbohydrate, protein, lysine and heavy metal 
content. 
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The dry grain samples will be ground to fine 
powder and passed through a 72 mesh sieve. The powder will 
be stored in polyethene bags. It will be dried overnight 
in an oven at 80°C before analysis, 
3.6,2.1 Estimation of carbohydrate content 
Soluble and insoluble carbohydrates will be 
extracted according to the method of Yih and Clark (1965) 
and estimated by the method by Dubois _et _al. (1956) 
For extraction of soluble carbohydrates, 50 mg 
powder of each sample will be transferred to a glass centri-
fuge tube. 5 ml of 80% ethyl alcohol after pipetting into 
the test tube will be heated on water bath at 60*'C for 10 
minutes. The sample will be cooled and centrifuged at 4,000 
rpm for 10 minutes. The supernatant will be poured into 
25 ml volumetric flask with three washings and the final volume 
will be made up with 80% alcohol. The residue will be 
preserved in the same test tube for the entraction of insoluble 
carbohydrates. 1 ml of this extract will be transferred to 
a test tube and evaporated to dryness on a water bath. The 
test tube will be cooled and 2 ml of distilled water will 
be added. The extract will be used for the estimation of 
soluble carbohydrates. 
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For the extraction of insoluble carbohydrates, 
the residue will be taken. To it 5 ml of 1.5 N sulphuric 
acid will be elded and heated on water bath at 1Q0*G for 2 
hours. This digested sample will be centrifuged, after 
cooling it, at 4,000 rpm. The supernatant will then be 
collected in 25 ml volumetric flask with three washings. 
The final volume will be made up with distilled water. 
1 ml of the extract and 1 ml of distilled water will be taken 
into a test tube to estimate insoluble carbohydrates. 
For estimation of soluble and insoluble carbohyd-
rates, 5 ml of 5% distilled phenol will be pipetted into 
each test tube, containing the extract of soluble or insoluble 
carbohydrates followed by the addition of 5 ml concentrated 
sulphuric acid. The test tube will be shaken well so that 
the colour will turn into yellowish orange. Now the test 
tube will be cooled by placing it in chilled water. After 
30 minutes, the solution will be transferred into a colorime-
tric tube and its optical density measured at 490 nm ,on a 
"Spectronic-20" colorimeter. 
A blank will be run simultaneously. The carbohyd-
rate content will be calculated by comparing the optical 
density of the sample with a calibration curve plotted by 
taking known dilutions of a standard solution of pure 
glucose. 
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3.6,2,2 Estimation of protein 
Protein will be estimated, following the method 
of Lowry e^ al. (1951). 
For extraction of soluble and insoluble protein, 
grain powder will be kept in an oven at 8o°C overnight. Then 
it will be cooled and 50 mg sample will be transferred to a 
mortar to which 1 ml of distilled water will be added. The 
powder will be ground well and transferred to a centrifuge 
tube with repeated washings and volume made upto 5 ^1 with 
distilled water. The extract will be then centrifuged at 
4,000 rpm for 5 minutes and the supernatant collected for 
soluble protein. 
To the residue 5 ml of 5/^  trichloroacetic acid will 
be added. The solution will be allowed to stand at room 
temperature for 30 minutes with thorough shakings. It will 
be then contrifuged at 4,000 rpm for 10 minutes and the 
supernatant will be discarded. 5 ml of 1 N sodium hydroxide 
will be added to the residue and mixed well by shaking. The 
residue will be allowed to stand in a water bath at 80°C for 
30 minutes. Then, it will be cooled and centrifuged at 4,000 
rpm. The supernatant, together with three washings with 
1N sodium hydroxide, will be collected in a 25 ml volumetric 
flask. The volume will be made uoto the mark with 1 N sodium 
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hydroxide and will be used for the estimation of insoluble 
protein. 
For the estimation of soluble protein, 1 ml of 
water extract will be transferred to a 10 ml test tube-5 ml 
of reagent C (Appendix) will be added. The solution will 
be mixed well and allowed to stand for 10 minutes at room 
temperature. 0,5 ml of reagent E (Appendix) will be added 
rapidly with immediate mixing. After 30 minutes, the blue 
coloured solution will be transferred to a colorimetric tube 
and its intensity will be measured by reading its optical 
density (O.D.) at 660 nm, using a "Spectronic-20" colorimeter, 
A blank will be run simultaneously. The -soluble protein 
content will be estimated by comparing the optical density 
of each sample with a calibration curve plotted by taking 
known dilutions of a standard solution of egg albumin. 
For the estimation of insoluble protein, 1 ml of 
sodium hydroxide extract will be transferred to a 10 ml test 
tube and 5 ml of reagent E will be added rapidly with 
immediate mixing. After 30 minutes, the intensity of the 
blue solution will be measured at 490 nm using a "Spectronic-
20" colorimeTer. 
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3.6.2.3 Estimation of lysine 
Lysine content in the grain protein will be estimated 
by the colorimetric method used by Tsai _et al. (1972) and 
modified by Villegas (1973) for cereal grains. The procedure 
will be as follows: 
1. The powdered grain samples will be defatted with hexane 
for 6 hours in a soxhlet apparatus. The samples will be air 
dried and ground further to a fine powder (80-100 mesh) in 
an amalgamator. 
2. 100 mg of finely ground, defatted samples will be weighed 
in a glass vial and 5 ml of papain solution (ikppendix)added 
to it. The vials will be tightly capped so as to shake the 
saiTiple to wet them thoroughly with papain solution. A blank, 
containing only papain' solution v.=ill be run simultaneously. 
3. The samples will be shaken for one hour and then incubated 
at 65°C. After taking them out from the incubator, the samples 
will be shaken again for another hour to digest them fully. 
4. The hydrolysed samples, after being removed from the 
incubator, will be subjected to constant shaking while being 
allowed to adjust at room temperature. By that time the 
supernatant will be clear other.vise it will be centrifuged 
at 3,000 rpm for 5 minutes. 
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5. From the supernatant fraction, 1 ml aliquot will be 
transferred into a centrifuge tube containing 0.5 ml of 
carbonate buffer, followed by addition of 0,5 ml of copper 
phosphate suspension (Appendix). 
6. The mixture will be shaken for 5 minutes and centrifuged 
to precipixete the excess copper phosphate. 
7. 1 ml aliquot of the supernatant will be pipetted into a 
30 ml capacity test tube, and 0,1 ml of 2 chloro-3, 5 dinitro-
pyridine solution (Appendix) will be added to it and shaken 
well keeping the tubes well stoppered with velvet cork. 
8. The reaction will be allowed to proceed for 2 hours at 
room temperature, shaking the test tube after every 30 minutes. 
9. To acidify the reaction mixture, 5 ml of 1.2 NHCl (Appendix) 
will be added to it with proper shaking. 
10. Later, 5 ml of ethyl acetate will be added and the tubes 
stoppered and inverted 10 times to mix well. The upper phase 
will be extracted by a syringe adopted with polyethylene. This 
step will be repeated 3 times. 
11. The aqueous phase containing 2-chloro-3, 5-dinitropyridine 
lysine will be transferred to calibrated tubes and read on 
a "Spectronic-20" calorimeter at 390 nm, against a sample 
free blank. 
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12, The lysine content of the samples will determined by 
using a standard calibration ciirve prepared in the following 
manner and will be then calculated on protein basis. 
(a) The standard curve will be prepared in a range of 
0 to 200 ug of lysine per ml. 
(b) Stock solution of lysine (2,500 jig/ml) will be prepared 
by dissolving 62.5 mg of lysine raonochloride in 20 ml 
of carbonate buffer. 
(c) The stock solution will be diluted with carbohydrate 
buffer to 250, 500, 750 and 1,000 yug lysine per ml. 
(d) From each of these solutions, 1 ml will be pipetted 
out and A- ml of papain solution ( 5 mg per ml buffer ) 
will be added to it, when the respective concentrations 
of lysine will become 0, 50, 100, 150 and 200/Ug/ml. 
(e) From each solution, 1 ml aliquot will be pipetted out 
into a centrifuge tube together with 0,5 ml of the 
solution containing amino acid mixture followed by 
0,5 ml of copper phosphate suspension. The detailed 
procedure presented above will be then applied from 
step 5 onwards and the standard curve will be derived, 
3.6,2.4 Esxiaation of heavy metals 
Heavy metal in the grain will be analysed, after 
digesting the grain powder, with the help of Atomic Absorption 
S:jectrophoTC~9ter, 
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3.7 Chemical analysis (soil) 
The soil will be analysed for various physico-
chemical properties. To obtain a composite sample, small 
amount of soil is to be collected upto the desired depth 
(15 cm)., by means of suitable tools at least from 10 to 
15 viell distributed spots. The soil will be thoroughly 
mixed on a polythene sheet. Only about 500 gm of this 
composite sample will be retained for analysis. It will be 
kept in polythene bags with proper l^bsis for identification. 
The following characteristics of the soil will 























12, Heavy metals 
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3.7.1 Preparation of soil samnle in the laboratory 
In the laboratory, the soil sample will be spread 
on a sheet of paper to break large lumps with a wooden 
pestle, and passed through a 2 mm sieve. 
3.7.2 Soil texture 
It will be determined by a rapid procedure by 
feeling or rubbing the soil between the thumb and the 
fingers. For this a small quantity of the dry soil will ., _ 
moistened and mixed thoroughly on a glass dish to form a 
soft ball and then worked until stiff and squeezed out 
between thumb and fore fingers, 
3.7.3. Estimation of cation exchange capacity (CEC) 
For this following chemicals will be required, 
0.2 NHCl, O.IN NaOH, ^% KCl solution, phenolpthalien, Ag NO 
solution. 
To 10 g soil will be added 0.2 NHCl till the soil 
becomes acidic. It will be shaken for l/2 hour, then 
filtered and washed with D.D.'w., till.CI*" free its free fron 
chloride ions, which will be treated with AgNO-,. The residue 
will be transferred from the filler paper to a beaker and a 
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suspension of known concentration will be prepared. It will 
be then treated with the same x volume (lOml) of standard 
KCl solution. It will be shaken for 1/2 hour and left 
overnight. The exchange acidity will be treated with 
with 0.1N NaOH using phenolpthalien as indicator. 
3t7.4, Estiiaation of soil pH 
It will be done with the help of pK meter. To 
10 g of the soil, 25 ml of distilled water will be added 
and thoroughly shaken. After a 30 minutes lapse, pH, of 
the suspension will be observed. The pK meter will be 
checked with a standard buffer of known pH. 
3.7.5 Estimation of or.^ anic carbon 
It will be done according to the method given by 
Walkley and Black (1934). 2-10 g of soil will be taken in 
a 500 ml conical flask. To this, 10 ml of1N potassium 
dicliromate solution (Appendix) and 20 ml of concentrated 
sulphuric acid (Appendix) will be added. After shaking 
for 1-2 minutes, it will be kept on an asbestos mat for 
about 30 minutes, 200 ml of distilled water, 10 ml of 
phosphoric acid (Appendix) and 1 ml of diphenylamine indicator 
(Appendix) will be added. A deep violet colour will appear 
and will be titrated with 0,5 N ferrous ammonium sulohate 
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solution (Appendix) till the colour changes to piirple and 
finally green-Simultaneously, a blank will be run without 
soil. 
3.7.6 Estimation of electrical conductivity 
20 gms of soil will be shaken intermittently with 
40 ml of distilled water in a 150 ml conical flask for one 
hour and allowed to stand. The conductivity of the 
supernatant liquid will be determined with the help of salt 
(conductivity) bridge. The apparatus will be adjusted to a 
known temperature (say 25''C) of the solution. 
3.7.7 Estimation of nitrate nitrogen 
This will be done according to the method of 
Ghosh et al. (1983). 20 g of soil will be shaken continuously 
with 50 ml of distilled water for 1 hour in a 100 ml conical 
flask fitted with rubber stopper. A pinch of CaSO, or 
CaO will be added and shaken. Then the contents will be 
filtered through a (Whatman No. 1) filter paper. 20 ml of 
clear aliquot will be transferred to a 50 ml procelain dish 
and will be x evaporated to dryness on a steam bath. Then, 
it will be cooled and 3 ml of phenol disulphonic acid 
(Appendix) added and allowed to react for 10 minutes. 15 
ml of distilled water will besidded and stirred with glass 
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rod until the residue is dissolved. After cooling, the 
contents will be washed down into a 100 ml volumetric flask. 
To this, ammonia (1:1) (Appendix) will be added slowly, 
mixing well till the solution becomes alkaline which will 
be indicated by the yellow colour due to the presence of 
nitrate. Then, another 2 ml of ammonia will be added and 
finally the volume made upto 100 ml with distilled water. 
The intensity of yellow colour will be read in the 
''Spectronic-20" colorimeter using 420 nm wavelength. 
For preparing standard curve for nitrate, a stock 
solution containing 100 ppra nitrate will be prepared by 
dissolving 0,7215 g of potassium nitrate in water and the 
volume made upto one litre. This will be diluted ten times 
to give a 10 ppm NO,-N solution. Aliquots (2, 5, 10, 15, 20 
and 25 ml) will be evaporated on water bath to dryness in 
small porcelain dishes. After cooling 3 ml of phenol 
sulphanic acid will be added and yellow colour will be 
read as discribed above. Simultaneously, a blank will also 
be run. 
3,7,8 Estimation of available phosphorus 
To 2,5 g of soil in a 100 ml conical flask,a pinch 
of Darco G 60 or equivalent grade of activated carbon (free 
of phosphorus) will be added followed by 50 ml of Olsen's 
reagent (Appendix). A blank will be run without soil. The 
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flask will be shaken for 30 minutes on a shaker and then the 
contents will be filtered through Whatman No. 1 filter paper. 
In the fliterate, phosphorus will be estimated colorimetrica-
lly by Dickman and Bray's (1940) method. 
5 ml of soil extract will be pipetted into 25 ml 
volumetric flask to which 5 ml of Dickman and Bray's reagent 
(Appendix) will be poured drop by drop with constant shaking 
till the effervescence due to 00^ evolution ceases. The neck 
of the flask will be washed down and the contents diluted 
to 22 ml. Then, 1 ml of stannous chloride solution (Appendix) 
will be added and volume made up to the mark. The intensity 
of blue colour will be read at 660 nm. 
For the preparation of standard curve for phosphorus./ 
0,439 g of potassium dihydrogen orthophosphate (KHpPO,) will 
be dissolved in about half a litre of distilled water. To 
this 25 ml of yNH^SO, (Appendix) will be added and volume 
made upto the mark with distilled water. This will give 
a 100 ppm stock solution of P (lOO^g P per ml). From this, 
a 2 ppm P solution will be made (50 times dilution). For 
the preparation of the standard curve different concentrations 
of P (1, 2, 3, 4, 5 and 10 m]), each containing 2 ppm P, will 
be taken in 25 ml volumetric flasks. To each these, 5 ml 
of the extracting reagent (Olsen's reagent) will be added and 
the colour will be developed by adding Dickman and Bray?s 
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reagent and stannous chloride. The colour will be read at 
660 nm. The curve will be plotted taking the colorimeter 
reading on the vertical axis and the amount of P (in^ug) on 
the horizontal one. 
3.7.9 Estimation of potassium 
5 g of soil will be shaken with 25 ml of neutral 
normal ammonium acetate with pH = 7 (Appendix) for 5 minutes 
and will be filtered immediately through a dry filter paper 
(Whatman No,l) Potassium concentration in the extract will 
be determined using a flame photometer after setting and 
calibration of the instrument. 
For the preparation of standard curve for potassium 
from the stock solution of potassium chloride (Appendix) 
aliquots will be diluted (in 5Q or 100 ml volume flasks) 
with ammonium acetate solution to give 10 to 40 ppm of.-K. 
These will be read in flame photometer after setting zero for 
the blank (ammonium acetate) and at 100 for 40 ppm of K, The 
curve will be obtained by plotting the readings against the 
different concentrations (10, 15, 20, 25, 30, 40 ppm) of K. 
3.7.10 Estimation of sodium 
The determination of sodium will be carried out 
directly with the help of flame photometer, using appropriate 
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filters' and standard curves by taking knovm concentrations 
of sodium. 
For tne standard curve of sodium 5.345 g of NaCl 
v;ill be dissolved in water and volume made upto one litre. 
This will give 100 miliequivalents per litre of sodium. From 
this stock solution, 5, 10, 20, 30, 40 and 50 meq Na/1 will 
be prepared, A curve will be drawn by plotting the flame 
photometer readings on the Y-axis against concentrations of 
sodium on X-axis. The concentration of sodium in the unknown 
sample will be read from the curve, 
3.7«11 Preparation of HCl extract for calcium and magnesium 
estimation 
Calcium and magnesium will be analysed according to 
Kanwar and Chopra (1982). 20 g of dry soil be placed in a 
500 ml conical flask. To this, 200 ml of hydrochloric acid 
will be added. Then, it will be boiled gently for one hour 
on a hot plate. It will be filtered through Whatman No. 50 
filter paper fitted in a Buchner funnel. The washing of 
residue with hot water containing 50 ml HCl/1 will be continued 
until 500 ml of the extract is obtained. It will be used for 
estimation of calcium and magnesium. 
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3.7.12 Estimation of calcium 
Combined filterate and washings will be concentrated 
to about 50 ml. To this, 5 g of ammonium chloride will be 
added and by adding NH^OH (I+I) it will be made slightly 
alkaline. Standard solution of ammonium oxalate will be added 
as long as precipitation occurs, followed by its slight 
excess. Calcium ions will be converted into calcium oxalate. 
Then, 2 drops of methyl red indicator, followed by 0,1N HCl 
(Appendix) will be added till the colour changes to light 
pink. Then, it will be heated to boiling and allowed to stand 
for 3 hours or more if needed. It will be filtered and 
dissolved with HCl (I+IO). The filter paper will be washed 
with hot water 5-6 times. Calcium will be precipitated again 
by adding ammonium hydroxide and ammonium oxalate solution. 
It will be filtered again through the same filter and washed 
with hot water, Filterate and washings will be reserved for 
the estimation of magnesium. The precipitate of calcium 
exalate will be dissolved in dilute sulphuric acid. aQd titrated 
against 0.05 N KI»lnO^  solution. J^T^^" "^•'-l.'^<-
3.7.13 Estimation of magnesium i.^'^\y^W, 
To the combined magnesium filterate and washings 
from calcium determination, 2 ml of citric acid, 100 ml of 
ammonia and 50 ml of ethyl alcohol will be added, followed by 
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the addition of 25 ml of ^0% ammonium phosphate constant 
stirring. It will be allowed to stand overnight. The 
solution will be filtered and the final volume will be made 
upto 100 or 150 ml. To this solution, 10-15 ml of ammonia 
and 2 drops of ammonium phosphate will be added. It will be 
stirred vigorously and alleged to stand for 3 hours or longer. 
It will be filtered through a gooch crucible and will be washed 
with ammonia (1+9). A filter paper will be moistened with 
saturated ammoniacal solution of ammonium nitrate. Precipitate 
will be ignited and weighed as MgpPpOy and percentage of 
magnesium will be calculated as : 
Weight of Mg = wt. of Vig^P^Or^ x 0.2162. 
3.7.14 Estimation of heavy metals. 
The source of irrigation water will be raw sewage 
water pump of Civil Lines area of Aligarh. Since this waste 
water will be applied to the soil, there may be accumulation 
of some heavy metals in the soil. Therefore, the irrigation 











Analysis for heavy metals in soil will be done, after 
digesting the soil, with the help of Atomic Absorption 
Spectrophotometer, 
3.8 Physico-chemical analysis (..ater) 
Sanples of irrigation water will be analysed for 
their physical-chemical characteristics in accordance with 
irrigation water quality criteria. As irrigation may 
result in water logging, salinity and alkalinity, it is very 
important to know its quality. The following paraipeters will 
be studied. 
1. Total soluble salts 
2. Temperature 
3. Odour 






















Total dissolved solids 
19. Heavy metals. 
3.8,1, Sampling or irri°:ation water 
Water fron the irrigation sources will be collected 
in 5 litre bottles and will be stored with suitable identifi-
cation marks, since it will not be possible to study all the 
parameters within 24 hours. Thus, odour, pH, alkalinity 
hardness, temperature and BOD will be noted rnmediately while, 
nitrate and phosphate will be estimated within 24 hours and 
E.G., total dissolved salts, flouride, potassium, sodium, 
sulphates, turbidity, heavy metals can be analysed within 
the next few days. Water samples will be stored at below 4''C 
and analysis will be done preferably within 24 hours. Various 
methods of water analysis will be adopted froz: APHA (1985). 
3.8.2 Estimation of total soluble salts 
100 ml of filtered water will be taken in a tared 
porcelain dish. It will be evaporated to dryness on a water 
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bath and then cooled. Drying will be done in a dessicator. 
The weight will be taken. The weight of the residue will 
represent the total salts in 100 ml of sample* 
3.8.3 Temperature 
Temperature measurements will be made with a. good 
grade of mercury filled Celsius thermometer. As a minimum, 
the thermometer should have a scale marked for every 0.1^C, 
Markings should be etched on the capillary glass. It should 
have a minimal thermal capacity to permit rapid equilibration. 
3.8.4 Odour 
Most organic and some inorganic chemicals contribute 
to the odour. These chemicals may originate from municipal 
and industrial waste discharges or decomposition of vegetable 
matter. Method adopted from APHA (1985^ PP. 85-91). 
3.8.5 Estimation of electrical conductivity 
Samples will be directly read using a conductivity 
meter by putting the sample in the beaker. The apparatus will 
be adjusted to a known temperature (say 25**C) of the solution. 
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3.8.6 Estimation of pH 
pH will be determined with the help of pH meter. 
The pH meter will be checked with standard buffer of known 
pH. 
3.8.7 Estimation of sodium 
This estimation will be carried out directly with 
the help of a flame photometer using appropriate filters and 
standard carves by taking known concentrations of a sodium 
salt. For standard curve of solution, 5.845 g of NaCl will be 
dissolved in water and volume will be maintained at one litre. 
This will give 100 milliequivalents per litre of Na. From this 
stock solution dilutions containing 5, 10, 20, 30, 40, and 
50 meq/Na/l will be prepared. A curve will be drawn by plotting 
the flame photometer readings on the Y-axis against concentra-
tions of sodium on X-axis. The concentration of sodium in the 
unknown sample will be read from the curve, 
3.8.8 Estimation of potassium 
Potassium determination will be carried out directly 
with the help of a flame Jihotometer using appropriate filters 
and standard curves by taking the known concentration of a 
potassium salt. For the standard curve for potassium, a stock 
solution of 1,900 ppm K will be prepared in distilled water 
by dissolving t.908 g of KCl per litre.' Dilute-solutions 
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having 2,5,10,15 and 25 ppm ^ will be prepared from the 
above stock solution. A standard curve will be prepared 
from the above stock solution. The standard curve will be 
prepared by plotting the flame photometer readings against 
concentrations of K. 
3.8, 9. Estimation of carbonates and bicarbonates : 
50 ml of water will be taken in a clean flask. 
To this 5 drops of phenophthalin indicator (Appendix) will 
be added. The development of pink colour will indicate 
the presence of carbonates. It will be titrated against 
0.01N sulfuric acid (Appendix), till the solution becomes 
colourless. 
To this colourless solutions 2-3 drops of methyl 
red solution (Appendix) will be added. Titration will be 
continued till the colour changes from yellow to rose red. 
This will be for the estimation of bicarbonates. 
3.8.10 Estimation of chloride 
50 ml of water sample will be taken in a flask 
and to this 0.5 ml KpCr^O^ indicator (Appendix)-will be 
added, it will be titrated against AgNO, solution (Appendix). 
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3.8.tt Estimation of Flouride 
For estimation of flouride, SPADNS method will 
be adopted. First, a priliminary distillation will be 
done. For this, 400 ml distilled water will be placed 
in the distilling flask and 200 ml concentrated H2SO, will be 
added carefully. The contents of the flask will be 
swirled until homogeneity. 25 to 35 glass beads will be 
placed at the bottom and the apparatus will be 
connected making sure that all joints are tight. Heating 
will be allowed as long as the efficiency of the condenser 
permits the distillate to cool down, keeping the 
temperature of the contents of the flask at exactly 
80°C.The distillate will be discarded. This process 
will remove flouride contamination and will help adjust 
the acid water ratio for subsequent distillations. After 
cooling the acid mixture, 300 ml of the sample will be done. 
Then be mixed thoroughly with Ag^SO, and added to the distilling 
flask at the rate of 5 mg/mg CI, when high chloride samples 
will be distilled. Sulphuric acid solution in the flask will 
be used repeatedly until the contaminants from the samples 
accumulate to such an extent that recovery is affected or 
interferences appear in the distillate. Suitability of the acid 
will be checked periodically by distilling standard flouride. 
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samples. After the distillation of high-fluoride samples still 
will be flushed with 300 ml of distilled water and the two 
fluoride distillates will be combined. 
Next, standard curve will be prepared. For it, 
fluoride standards will be prepared in the range of 0 to 1,40 
mg/ by diluting appropriate quantities of the standard 
flouride solution to 50 ml with distilled water. 5 ml each 
of SFADNS solution and zirconyl acid reagent' will be pipetted 
to each standard and mixed well. The photometer will be set 
at zero absorbance with the reference solution and the absorbance 
readings of the standards will be taken immediately. A curve 
for the fluoride - absorbance relationship will be plotted. 
If the sample contains residual chloride, it will be removed by 
adding 1 drop (0.05 ml) of Na AsOp solution 0,1 mg CI and will 
be mixed. 
50 ml sample or a distilled portion to 50 ml will 
be used. Temperature of the sample will be adjusted to that 
used for standard curve, 5 ml each of SPADNS solution and 
zirconyl acid reagent will be added. It will be mixed wen and 
its absorbance will be read immediately. 
A B 
Calculations :- mg/l F = x 
ml sample C 
Where A = ug F determined photometrically. 
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The ratio B/C applies only when a sample is diluted to a 
volume B; and a portion C taken from it for colour develop-
ment. 
3.8.12 Estimation of sulphate 
50 ml of sample will be taken in a flask. To this, 
2,5 ml conditioning reagent (Appendix) and a small amount of 
Ba Clp will be added, shaking it for one minute and then will 
be read in spectrophotometer. 
For the standard curve for sulphate, standard 
sulphate solution will be made by dissolving 147.9 g Na^SO^ 
in double distilled water and then diluting it to 100 ml. 
From this stock solution containing 10, 20, 30, and 40 ppm 
solutions will be made by appropriate dilution. 
3.8.13 Estimation of nitrate nitrogen 
First nitrate standards will be prepared, in the 
range 0.1 to 1 mg/l N by diluting 1.00, 2.00, 4.00, 7.00, and 
10.CD ml standard nitrate solution to 10.0 ml with distilled 
water. If the sample contains residual chlorine, it shall be 
removed by adding 1 drop (0.05 ml) sodium arsenite solution for 
each 0.10 mg CI and mixed, one drop is added in encess to a 50 
ml portion. For colour development, required number of 
reaction tubes in the wire rack must be set, and then 
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spaced so that each tube is surrounded by empty spaces. A 
reaction tube is enduced for a reagent blanK and reaction 
tubes for as many standards as desired. To each tube add 
10.0 ml sample, rack is then placed in a cool water bath 
and added 2 ml NaCl solution. It will be mixed well then 
added 10 ml H„SO, soil, further mixed and cooled. Added 0,5 ml 
brucine - sulfanilic acid reagent to it swirled the tubes to 
mix and placed it in water bath having not less than 95°C. 
After 20 minutes cooling is done by cold water bath. Reading 
is taken against the reagent blank at 410 nm in the spectro-
photometer. 
Standard curve will be prepared from the absorbance 
values of the standards (minus the blank) run together with 
the samples is corrected by subtracting their "sample blank" 
values from their final absorbance values. The concentrations 
of NO, - N will be read directly from the standard curve. 
3.8.14 Estimation of ammonia nitrogen 
For the estimation of ammonia nitrogen, first 
preliminary distillation will be performed. 500 ml of 
ammonia free water will be added to 20 ml borate buffer and 
the pH will be adjusted to 9.5 with 6NNaCH solution. A few 
glass beads or boiling chips will be added to this and the 
mixture will be used to steam out the distillation apparatus 
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until the distillate shows no traces of ammonia. If the 
ammonia nitrogen content is less than 100 ug/l a sample 
volume of 4,000 ml will be used. This will be the diluted 
sample. Residual chlorine will be removed in the sample by 
adding dechlorinating agent,25 ml borate buffer will be added and 
the pH adjusted to 0,5 with 6NaOH, using a pH meter. Disti-
llation of the sample will be done. The steaming out flask 
will be disconnected and immediately the sample will be transferred 
to the distillation apparatus. It will be distilled at a 
rate of 6 to 10 ml/minute, with the tip of delivery tube 
submerged. The distillate will be collected in a 500 ml 
Erlenmeyer flask, containing 50 ml boric acid solution. At 
least 300 ml of distillate will be collected. It will be 
diluted to 500 ml with ammonia-free water, 100 ml of the sample 
will be taken in a 500 ml Kjeldahl flask with ammonia-free 
distilled water and diluted to 250 ml. Again, its distillation 
will be done as described before with a few pieces of paraffin 
wax being added to the distillation flask and 100 ml of 
distillate will be collected. 
Ammonia in the distillate will be titrated against 
standard 0.02 N HpSO, titrant until the indicator turns a pale 




( A - B ) X 280 
mg/l ammonia N = 
ml sample 
where A = ml H^SO, titration for samples, 
3 = ml H„SO, titration for blank. 
3.8.15 Estimation of calcium 
50 ml of the water sample will be iken in a conical 
flask. The sample will be neutralized with acid. It will be 
boiled for 1 minute and then cooled. 2 ml of 1N NaOH solution 
(Appendix) will be added to maintain the pH at 12-13. 1-2 
drops of ammonium purpurate indicator (Appendix) will be adde I. 
Then it will be titrated slowly with 0.01 M EDTA (Appendix). 
3.8.16 Estimation of magnesium 
Magnesium will be estimated from the EDTA and 
hardness titration. 
mg/l Mg = Total hardness (as mg CaCO-y^ 
- Calcium hardness x 0.244 (as mg/CaCO:,) 
3.3.17 Estijstion of phosphate 
To a 100 ml sample containing not more than 0.2 mg 
phosphorus ar.d free from colour and turbidity, 0.05 ml 
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phenolphthalien indicator will be added. If the sample turns 
pink, strong acid solution will be added dropwise to discharge 
the colour. If more than 0,25 ml is required, smaller sample 
will be taken and diluted to 1,000 ml with distilled water. 
After discharging the pink colour with acid, 4 ml of molybdate 
reagent will be added. After 10 minutes, the colour will be 
measured photo electrically at 690 nm and comparison with the 
calibration curve will be done using distilled water blank. 
mg P X 1,000 
mg/1 P = -
ml Sample 
3.8.18 Estimation of biological oxygen demand (BOD) 
The water sample will be taken in BOD bottles to 
which 2 ml of MnSO, and 2 ml of sodium azide will be added, 
followed by addition of 2 ml of concentrated HpSO, . The 
precipitate will disappear and yellow colour will appear. 
Then 0.025 N sodium thiosulphate will be taken in a burette. 
203 ml of the yellow coloured water sample will be taken in 
250 ml conical flask. Then titration will be done adding sodium 
thiosulphate solution in conical flask. The yellow colour 
will turn light yellow. Then starch (indicator) will be added 
and a dark blue colour will appear. Further titration will 
be done till light blue colour appears and ultimately will 
disappear. This will be the end point. 
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3.8.19 Estimation of chemical oxygen demand (COD) 
50 ml of the sample will be taken and one gram of 
HgSO, and 5 ml H^SO, will be added, the latter being added 
very slowly. 25 ml of 0.25 N potassium dichromate (Kp Cr2 0„) 
solution will be added and it will be mixed. Condenser will 
be attached to the flask and cooling of water will be starxed. 
Addition of sulphuric acid reagent (about 70 ml) through the 
mixture will be refluxed for 2 hours. Dilution of the mixture 
to about twice its volume with distilled water will be done. 
It will then be cooled to room temperature and titration of 
excess dichromate with standard ferrous ammonium sulphate will 
be performed using ferroin indicator. 
„g/lCOD= ( a - b ) N X 8.000 
ml Sample 
a = ml Fe (NH^)2(S0^)2 ^ ^^^ ^°^ blank 
b = ml Fe (NH^)2(S0^)2 ^^ed for sample 
N = Normality of Fe. 
3.8.20 Estimation of total dissolved solids (TDS) 
200 ml filtered sample will be taken in a pre-
weighed crucible. It will be oven dried at 105°C. The 
crucible will be weighed again. Difference in weights 
will give TCo in mg in per 200 ml (sample) (A X 5 = B mg/l). 
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3.8.21 Estimation of total hardness 
50 ml of the sample will be pipetted into a conical 
flask and the pH will be maintained at 10^ +1. It will be 
titrated against 0,01M EDTA (Appendix) using Eriochrome Black 
T (Appendix) as indicator: Pink colour will be changed to 
blue, 
3.8.22 Estimation of heavy metals 
Each water sample will be analysed for heavy metals 
with the help of an Atomic Absorption Spectrophotometer. 
3.8.23 Statistical analysis 
All the experiments will be statistically designed 
and data will be subjected to statistical analysis to 
ascertain their significance determined at 5 percent level 
of probability (Panse and Sukhatme 1967). 
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A P P E N D I X 
"•^ ~ APPENDIX 
Preparation of reagents 
(1) Reagents for carbohydrate estimation 
(i) 80% e-hyl alcohol 
(ii) 5% distilled phenol. 
(iii) 1.5 N-H^SO^ 20,4 ml cone. H2S0^ will be dissolved 
in dis-illed water and volume will be made upto 
500 ml. 
(2) Reagents for protein estimation 
The folloiving reagents will be prepared. 
(i) Reagent A: 2 percent sodium carbonate + 0.1N 
sodium hydroxide (1:1) 
(ii) Reagent B: 0.5 percent copper sulphate i^- 1 percent 
sodium tartarate (1:1) 
(iii) Reagent C: Alkaline copper sulphate solution obtained 
by mixing 50 ml of reagent A with 1 ml of reagent B, 
(iv) Reagent D: Carbonate copper sulphate solution same 
as reagent C, except for omission of sodium hydroxide, 
(v) Reagenx S: 1N acid Folin reagent, 100 g of sodium 
tungstaxe and 25 g of sodium molybdate will be 
dissolved in 700 ml of water and kept in a 1500 ml 
flask. Then, 50 ml of 85 percent phosphoric acid 
and 10C ml of concentrated hydrochloric acid will be 
added. The flask will be connected with a reflux 
-II-
condenser and boiled gently on a heating mantle for 10 hrs. 
At the end of the boiling period, 150 g lithium sulphate, 
50 ml water and 3 to 4 drops of liquid bromine will be aided 
to the flask. The reflux will be removed and the solution 
will be boiled for 15 minutes to remove excess bromine. It 
will be cooled and diluted to 1,000 ml with distilled water. 
The strength of this acidic solution will be 
estimated by titrating it with IN solution of NaOH using 
phenophthalene as an indicator. It will be then diluted to 
the required strength (IN). 
(vi) IN-NaOH: 4 g NaOH will be dissolved in distilled 
water and finally volume will be made 100 ml. 
(3) Reagents for lysine estimation 
(i) Papain solution: 4 mg of papain per ml of 0.03 M 
phosphate buffer (pH 7.4). The solution will be 
filtered if necessary. 
(ii) 0,05 M Carbonate buffer (pH 9.0) 
(iii) 0.05 M borate buffer (pH 9.0) 
(iv) Copper phosphate suspension. This will be prepared 
as follows: 
Solution A: 2.8 gn of Cu Cl2.2:-:2^  '^^'^' ^^ dissolved 
in 100 ml distilled water. 
-Ill-
Solution B: 13.6 g of Na^P0^.12H20 will be 
dissolved in 200 ml distilled v/ater. 
Solution A will be poured into solution B with 
swirling and then the mixture will be centrifuged at 
3000 X g for 5 minutes to collect precipitate. The 
precipitate will be washed three times in 15 ml of 0,05 M 
borate buffer and the pellet centrifuged after each suspension. 
After the third washing the pellet will be suspended in 80 ml 
of borate buffer. This suspension will be applicable for 
the two weeks if necessary. 
(v) 2-chloro-3» 5-dinitro pyridine solution 
This solution will be prepared fresh ,just prior 
to its use. To obtain it, 1 ml of methanol or ethanol will 
be added to 30 mg of 2-chloro-3, 5-dinitropyridine. 
(vi) HCl solution (1.2 N) 
(vii) Mixture of amino acids. 
Cystine 20 mg Alanine 30 mg Aspartic Acid 50 mg 
Methionine 20 mg Isoleucine 30 mg Glutamic Acid 300 -;g 
Histidine 30 mg Threonine 
Phenylalanine 40 mg Tyrosine 
Valine 40 mg Glycine 
Arginine 50 mg Serine 













(3) Reagents for soil chemical analysis 
For the estimation of organic carbon: 
A. 1N potassium dichromate: 49.04 g KSh:2^ will be dissolved 
in distilled water and finally it will be made to one 
litre. 
B. 0,5 N ferrous ammonium sulphate: 196 g of hydrated ferrous 
ammonium sulphate (FeSO,(NH,)2 SO, SHpO) will be dissolved 
in distilled water. To this 20 ml of cone. H^SO, will be 
added and finally volume will be maintained to 1 litre, 
C. Diphenylamine indicator: 0,5 g diphenylamine will be 
dissolved in a mixture of 20 ml of water and 100 ml of cone. 
K2SO4. 
D. Orthophosphoric acid - 855^  
E. Sulphuric acid - Not less than 96% 
Estimation of nitrate nitrogen 
A. Phenol disulphonic acid: This will be prepared by taking 
25 g of pure phenol (CgHcOH, Crystal white) in a dry conical 
flask (500 ml) to which I50 ml concentrated sulphuric acid 
(nitrate free) will be mixed carefully. Now this will be 
kept on boiling water bath for 2 hours. After cooling it 
will be stored in amber coloured bottle. 
-V-
B. Liquor ammonia (1:1): Ammonia having 0,88 sp. gr-will 
be diluted with equal volume of water. 
Estimation of available phosphorus 
A. Olsen's Reagent: 42.0 g of NaHCO, will be dissolved in 
distilled water to givepf, one litre of the solution. The 
pH will be adjusted to 8.5 with small quantities of NaOH* 
B, Dickman, and Bray's reagent: 15 g of ammonium molybdate 
will be dissolved in 300 ml of warm water (about 60°C). Then 
it will be cooled and filtered if necessary. To this, 400 
ml of 10 N-HCl will be added and finally the volume will be 
maintained to one litre. 
C, Stannous Chloride solution: 10 g of crystaline stannous 
chloride (LR) will be dissolved in 25 ml of concentrated 
HCl by warming and will be stored in amber coloui'ed bottle. 
This will be 40% Sn Clp stock solution. Just before use, 
0,5 ml will be diluted to 66 ml with distilled water. 
D. 7 N-HpSO, : 19.6 ml concentrated sulphuric acid will be 
added to double distilled water and the final volume will be 
made upto 100 ml. 
Estimation of potassium 
A. Ammonium acetate solution (Neutral and Normal): solution 
of 2 N acetic acid (glacial) and 2 N ammonium hydroxide will 
- V I -
Es t imat ion of CEC 
A. 2 N - HCl 
B. 1 N - NaOH 
(5) Reagents for the analysis of water 
Estimation of carbonates and bicarbonates 
A. Phenolphthalein indicator 0.25% solution will be made 
in 60% ethyl alcohol. 
B. Standard sulphuric acid (O.OI N): 272 ml sulphuric acid 
will be diluted in distilled water and final volume will be 
100 ml. 
C. Methyl red indicator: 0,5% solution will -be made in 
95% alcohol. 
Estimation of chloride 
A. Potassium chromate indicator solution: 50 g KpCrO, will 
be dissolved in distilled water. To this AgNO,, solution 
will be added until a definite red precipitate will be formed. 
After overnight stand, it will be filtered and diluted to I 
litre with distilled water. 
B. Standard silver nitrate titrant (0.0141N) 2.395 g AgNO-, 
will be dissolved in distilled water and it will be diluted 
to 1000 ml. 
